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PREFACE: 


In the preparation of the following pages three things have 
been kept constantly in view by the author: 

First, that the book should be of use to the student. 

Second, that it should be plain. 


Third, that it should deal mainly with fundamental princi- 
ples. 


Naturally the book divides itself into two parts, 1, Construc- 
tion; 2, Operation; particularly in the latter some novelties are 
found. These are mainly the chapters on Lubricants and 
Lubrication, Packing and Packing Materials, Breakdowns and 
Repairs, Strength of Materials, etc. 

It goes without saying that the practical -man, be he chief 
engineer, assistant, oiler or fireman, needs—in justice to him- 
self—to have а certain amount of book knowledge to add to 
the personal experience he is gaining, day by day and year by 
year, from his immediate surroundings. 

Being employed almost without cessation, the book- -learning 
is a knowledge that has to be obtained in nooks and corners 
and in fragments of time, hence, the simplest division possible 
of the contents of the book has been adopted—that of Question 
and Answer; by this system each subject paragraph is com- 
plete in itself, so that a single one learned in a day will in the end 
compass the whole subject and prove the value of the book. 

Again, in the “hurry and scurry” of active life, especially 
in a line that calls for service day and night, and often seven 
days in the week, what is printed must be in clear and simple 
terms or it will not be read, much less studied and its lessons 
applied to a useful end. 


Of still more importance is it that the mechanical man shall 
ін 
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know the elements or first principles of his calling. Engineering 
is a profession of trust and responsibility concerning life and 
property, and it is unforgivable if a man is ignorant of 
the names and uses even of the common matters he meets 
with; like the landsman just shipped, who declined with simple 
and earnest sincerity to commit murder, when told to “throw 
that buoy overboard.” 

One is easily pardoned for not knowing algebra, engineer- 
ing formulas, the principles of chemistry, etc.; these are good 
for the scholar in the university to know, but are not called 
for in the average man; what is really demanded is indi- 
cated in the following pages of the book, the contents of 
which are aimed to be useful, plain and expressed in clear 
language. 

In conclusion, the author sincerely hopes that his earnest de- 
sire, to make the volume a friend and counselor to ambitious 
men who desire to widen their knowledge, will be fulfilled. 

The publishers and the author desire to express their appre- 
ciation of the kindness with which numerous friends have as- 
sisted them in various ways in the preparation of the work. | 

Special thanks are due to Marine Engineering, Inc., Port- 
land Co., Detroit Shipbuilding Co., Scheffer & Budenberg Co., 
Geo. F. Blake Manufacturing Co., Mr. Horace Lee, Messrs. W. 
D. Forbes & Co., Ashton Valve Co., Star Brass Manufactur- 
ing Co., Babcock & Wilcox Co., Gas Engine and Power Co. 
апа Chas. Seabury & Со. Roberts Boiler СОЛИСІ) 
Mosher, Stirling Boiler Co., Boyer Boiler Со. Mr. Jos. P. | 
Manto, Jas. Reilly Repair & Supply Co.; also to James | 
E. Homans, А.М., for assistance in revising MSS., and insur- 
ing, by his skill as a book-maker, the outcome of a volume 
well worthy the patronage of those for whom its contents are 
designed. 


CONTENTS. 


PART ONE. 
GENERAL INTRODUCTION. 
"CHAPTER ONE—FUNDAMENTAL РкІКСІРІ,Е5....................... а 1-6 
CHAPTER TWO—COMBUSTION AND Еркі............................ 7-13 
CHAPTER THREE—STEAM AND ITS РЕкОРЕЕТТЕ$..................... I4-22 


CHAPTER FoUR—MECHANICS AND ECONOMICS OF THE MARINE ENGINE 23-27 


PART TWO. 

Tue Steam BOILER AND STEAM GENERATION. 
CHAPTER FIVE—THE CHARACTERISTICS OF STEAM BOILERS......... 31-37 
CHAPTER SIK = TYPES Ок STEAM ВОП,ЕВ5.,..2..................... 38-64 
CHAPTER SEVEN—DETAILS OF CONSTRUCTION: FIRE-TUBE BOILERS.. 65-87 


CHAPTER EIGHT—DETAILS OF CONSTRUCTION: WATER-TUBE BOILERS 88-93 


CHAPTER NiNE— OPERATIVE DETAILS OF MARINE BOILERS: FUEL 
ge ge GASES k оО e Sea OSA D TL EE 94—1IOI 


CHAPTER TEN— OPERATIVE STEAM APPLIANCES OF MARINE BOILERS.. 102-110 
CHAPTER ELEVEN—OPERATIVE WATER APPLIANCES OF MARINE 
Ща соо ое неее з дузы з ече ааа абала ое ее III-II7 


E PART THREE. 


THE MARINE STEAM ENGINE. 


CHAPTER TWELVE—GENERAL TYPES AND СНАКАСТЕКІЅТІСЅ......... I21—I33 
CHAPTER THIRTEEN—STATIONARY PARTS, I: CYLINDERS, ETC.. ... 134-140 
CHAPTER FOURTEEN—STATIONARY PARTS, II: Вер PLATES, ETC... 141-145 
CHAPTER FIFTEEN—MOvVING Parts, I: VALVES, GEAR, Етс......... 146-166 


CHAPTER SIXTEEN—MOvVING Parts, II: Ратом, Разтом Кор, ETc. 167-176 


CHAPTER SEVENTEEN—OPERATIVE DETAILS OF A MARINE ENGINE... 177-181 
ү 


PART FOUR. 


PROPELLER WHEELS. 


CHAPTER EIGHTEEN—PADDLE WHEELS AND SCREW PROPELLERS.... 185-199 


PART FIVE. 


AUXILIARY APPARATUS: THEIR FUNCTIONS AND 
OPERATIONS. 


CHAPTER NINETEEN—AUXILIARY APPARATUS OF A MARINE ENGINE.. 203-256 


BART SIX. 


PIPING AND PIPE CONNECTIONS OF A MARINE ENGINE. 


CHAPTER TWENTY—PIPING AND GENERAL OUTFIT... seee cee... eene 259-298 


PART SEVEN. 


CARE AND OPERATION OF A MARINE ENGINE. 


CHAPTER TWENTY-ONE—LUBRICANTS AND LUBRICATION..........-.. 301-322 
CHAPTER TWENTY-TWO—PACKING AND PACKING MATERIALS........ 323-332 
CHAPTER TWENTY-THREE— CARE AND OVERHAULING IN PORT....... 333-363 
CHAPTER TWENTY-FOUR—LAYING UP A MARINE ENGINE ........... 364—368 
CHAPTER TWENTY-FIVE—CARE AND OPERATION UNDER WAY........ 369-418 


PART EIGHT: 


BREAKDOWNS AND REPAIRS. 
CHAPTER TWENTY-SIX—COMMON BREAKDOWNS AND REPAIRS........ 421-457 


PART NINE. 


MATERIALS AND STRENGTH. 


CHAPTER TWENTY-SEVEN—CONSTRUCTIVE MATERIALS AND TESTS OF 
STRENGTH «o/c oti as ее о и cio sie isin S e 461-490 


` 


PART ONE. 


GENERAL INTRODUCTION. 


CHAPTER ONE—FUNDAMENTAL PRINCIPLES. 
CHAPTER Two— COMBUSTION AND FUEL. 
CHAPTER THREE—STEAM AND ITS PROPERTIES. 


` CHAPTER FoUR—MECHANICS AND ECONOMICS OF THE MARINE ENGINE. 


QUESTIONS AND ANSWERS FOR MARINE 
ENGINEERS. 


ОША ТЕК ONE. 


FUNDAMENTAL PRINCIPLES. 


I. FORCE AND WORK. 


т. What is Force? 
Force is that which causes acceleration or retardation of a 
body by push or pull. 
2. How is Force measured ? 
Force is measured by weight, or in terms of pounds or 
tons. 
3. What is the fundamental conception of Force 2 
Force is conceived in terms of the influence of gravity, 
which gives the pressure of a body on such a support as the 
pan of a scale. 
4. What would be the result if a body were left free to 
the influence of Gravity 2 
If a body were left free to the influence of gravity, it would 
travel or fall with increasing rapidity until it met a resist- 
ance. 
5. What is Acceleration P 


Acceleration is the increase in the rapidity of travel or fall. 
1 


2 QUESTIONS FOR MARINE ENGINEERS. 


6. What is the rate of the acceleration due to Gravity 2 


The rate of acceleration due to gravity is, at 40° latitude, 
equal to 32.16 feet per second. In all formula for calculating 
motion it is indicated by the letter 2. 


7. What is Mass? 


Mass is the quotient found by dividing the weight of a body, 
in pounds, by 32.16. 


8. Why is Mass used in mechanical calculations 2 

Mass is used for comparison ; as every force expressed in 
pounds, divided by the acceleration in feet per second, is equal 
to the mass, or to the weight of the moving body divided by 
32.16: 


о. What is Velocity 2 

Velocity is the rate at which a body travels through space 
in the unit of time.. This rate is usually expressed as feet per 
second. 


то. What is Resistance 2 
Resistance is the opposite of force. 


ІІ. How does Resistance show itself ? 

Resistance may show itself in reaction by a solid support, 
by tension in a cord or rod or by friction in the guide-path of 
a moving body. 


12. What is Power ? 

Power is the rate at which a force acts in the unit of time. 
It is, therefore, equal to force in pounds, multiplied by velocity 
in feet. 

13. What is the unit in measurement of Power P 


The unit of power is the foot-pound, or the product of a 
force of one pound and a velocity of one foot per time unit, 
which is usually a second. 
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14. What is Work ? 

Work is the total amount of power acting during a certain 
period of time, or the product of force in pounds and the dis- 
tance in feet traveled or fallen through. If a body weighing 
то pounds falls то feet, it has done 100 foot-pounds of work. 


15. What is Horse-power ? 

Horse-power is a measure of power equal to 550 foot-pounds 
per second, or 33,000 foot-pounds per minute. 

It is used because it can express large power more conven- 
iently than can the foot-pound. 


16. What is Energy ? 
Energy is the capacity for doing work. 


17. What is a Machine 2 

A machine is an apparatus for giving a force opportunity to 
travel in a fixed path, thereby producing work that can be 
usefully employed. 

For example: The marine steam engine is a machine that 
enables the pressure of steam to exert itself in the propulsion 
of ships. 


II. ENERGY AND HEAT. 


18. What is the source of all energy 2 
Тће source of all energy is the heat of the sun's rays. 


I9. What are the most familiar forms of energy ? 

Тће forms of energy from the solar heat are : 

(т.) The muscular energy of animated organism produced by 
warmth and food. 

(2.) The energy of air currents produced by the different 
density and temperature of the air strata. 

(3.) The energy of falling water, which has been transferred 
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into vapor form by the heat of the sun and lifted to the 
clouds. | 

(4.) The energy of fuel, as stored in oil, wood and coal by 
the heat of the sun. 


20. What is conservation of energy 2 

Conservation of energy isthe observed fact that no energy 
is ever lost, but that the sum total of energy always remains 
the same. 


21. How can energy be transformed ? 

Energy can be transformed from one expression to another 
in a multitude of ways. Mechanical work can be transformed | 
into heat, electricity, light, etc., and these again into mechani- 
cal work. 

The energy of animals, wind and water are directly avail- 
able for mechanical work with the help of machines. 

The energy of fuels is available only by the chemical pro- 
cess of combustion, which liberates the heat in sensible form. 
This sensible heat is then, by the help of a suitable agent, con- 
vertible into mechanical work by a machine. 


22. What agent is employed in the marine steam en- 
gine P 

Steam is the agent. It absorbs in the boiler the liberated 
heat of combustion and turns it into useful work in the 
engine. 
23. What is the mechanical equivalent of heat 2 

The mechanical equivalent of heat is the number of foot- 
pounds equal to the energy stored in one thermal unit, which 
for English measure is given as 778 foot-pounds. 


24. What is a thermal unit 2 


The thermal or heat unit is the quantity of heat required to 
raise one pound of pure, distilled water through one degree 
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Fahrenheit, from 39.1 degrees, which is the temperature of the 
| maximum density of water. 


. 25. Do all substances require the same amount of heat for 
raising their temperature one degree ? 
No; most substances require less heat than water, and 
for this reason water is used as the standard of comparison ; 
its specific heat being unity. 
‚ 26. How is sensible heat measured 2 
Sensible heat is measured by a thermometer. 


27. What is а Thermometer 2 

ı A thermometer is an instrument for showing the expansion 
of a column of mercury in reference to the boiling and freez- 
ing points of pure, distilled water. 

On the Fahrenheit thermometer water boils at 212 degrees 
and freezes at 32 degrees above the zero mark. The column 
between these two points is divided into 180 divisions or de- 
grees. 

28. How does heat affect most substances ? 

Increase of heat expands, decrease of heat contracts most 

substances. 


29. How does heat affect liquids at their boiling points 2 
At the boiling point liquids not only expand but change the 
liquid state to the gaseous state. 


30. How does heat affect substances at the freezing 
point 2 
At the freezing point liquids not only contract but change 
the liquid state to the solid state ? 


31. Are these boiling and freezing or melting points the 
same for all substances 2 
No; they vary greatly, which is the reason that we can boil 
water in an iron pot. 
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32. What is Latent Heat 2 

Latent heat is that amount of heat needed to produce the 
transfer from the solidto the liquid, or the liquid to the gaseous 
state, while no increase or decrease of temperature takes place. 
It refers to the number of heat units absorbed in “ interior 
work,” without affecting the sensible heat, or temperature. 


33. How is heat transmitted 2 
Heat is transmitted by radiation or by conduction. 


34. What 15 Radiation of Heat 2 

Radiation is the process of transmitting heat from one body 
to another through an intervening distance without heating 
the air between them. 


35. What is Conduction of Heat 2 
Conduction is transmission of heat fiom one body to an- 
other in direct touch with it. 


36. Do all bodies conduct heat equally well P 

No; the best conductors are the metals—silver, copper, 
tin, steel, lead. 

The poorest conductors are hair, wool, straw, wood, liquids 
and air not in circulation. These are called ** non-conduc- 
tors," 


CHAPTER TWO. 
COMBUSTION AND FUEL. | 


37. What is Combustion 2 

Combustion is the process of chemical union between cer: 
‘tain substances, called “combustibles,” and the oxygen oí 
the air. This chemical union produces or liberates sensible 
heat. 


. 38. What are the combustibles in fuels ? 

(1.) Free or fixed carbon. 

(2.) Hydrocarbons, which are chemical combinations of 
hydrogen and carbon in different ratios. 


39. What is Air P 
Air is a mechanical mixture of 23 weight units of oxygen 
and 77 weight units of nitrogen. 


40. What are the common products of combustion 2 

(1.) Carbonic acid, a chemical union of one part of carbon 
with two parts of oxygen. 

(2.) Water vapor, a chemical union of two parts of hydrogen 
with one part of oxygen. 

(3.) Inert gases, like nitrogen ; also unassociated oxygen, 
and various products due to the impurities of the coal. 


41. Which combustible burns first ? 

The hydrocarbons burn first. Upon charging the fire with 
fuel, the hydrocarbons are distilled off in form of gas, which 
burns with the oxygen in passing through the furnace and com- 


bustion chamber. 
7 
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42. How does the fixed carbon burn ? 


The fixed carbon shows itself in the form of coke, after the 
hydrocarbons have left it. 

It unites with oxygen at once, forming either carbonic acid, 
by complete liberation of all heat stored in the carbon, or 
carbonic monoxide, a union of one part of carbon with one 
part of oxygen, by which only about one-third of the stored 
heat is liberated. 


43. What is the theoretical heat value of one pound of 
combustible 2 


The heat value of one pound of carbon is 14,500 thermal 
units, of different hydrocarbons, between 19,000 and 21,000 
thermal units, and of hydrogen about 62,000 thermal units. 


44. How much air is needed for complete combustion ? 


One pound of coal needs about twelve pounds of air, but to 
make sure that all carbon particles find oxygen, about 20 to 
24 pounds of air per pound of carbon are supplied. 


45. How is the air for combustion supplied ? 


The air is supplied either by natural funnel draft or by arti- 
ficial forced draft. 


46. What is natural or funnel draft ? 


Natural or funnel draft draws the air through the ashpit, 
grate, fuel, combustion chamber and funnel. It results from 
the difference in density, or weight, between the column of 
heated air in the furnace and funnel and an equal column of 
outside air. The outside air weighs more and tries to rush in 
at the bottom, to replace the heated air inside and re-estab- 
lish equilibrium. Е 

The higher the stack, the stronger the draft and the greater 
the quantity of air drawn through. 
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47. What is artificial or forced draft ? 
| Artificial or forced draft is supplied by providing an excess 
of pressure or density under the fuel through blowers. 

In this case, the height of the funnel is of no particular con- 


sequence. 
"48. What are the important factors іп the regulation of 
combustion ? 


. The draft is the most important factor ; the kind and quality 
of the fuel is of secondary influence. 


49. What are the relations between the draft and the rate 
| of combustion 2 

The stronger the draft, the greater the consumption of fuel. 
50. How is Combustion measured ? 

Combustion is measured by the rate at which the fuel is con- 


sumed per hour on one square foot of grate. 


51. What are the normal rates of combustion in marine 


boilers ? 
Rate of natural draft = 10 to 20 pounds of coal. 
Rate of forced draft = 20 to 50 pounds of coal. 


52. How is the combustion affected by the arrangement of 
the air supply ? 
To realize complete combustion, the air must be brought 
‚ into direct contact with the fuel and the developing gases. 


53. How is this necessary contact realized ? 
By supplying air below and above the fire. 
54. Upon what depends the effect of the air supply below 
the fire? 
The effect of the air supply below the fire depends partly 
upon the thickness of the bed of coal, partly upon the kind of 
coal, and partly upon the impurities contained in the coal. 
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55. Why is air above the fire desirable ? 

(1.) To give the hydrocarbons opportunity to quickly and 
thoroughly intermingle with air containing the normal amount 
of oxygen. If there is not oxygen enough, some hydrocar- 
bons may pass off unburned, while some parts may burn only 
the hydrogen, letting the carbon pass off as soot or smoke. 

(2.) If carbon monoxide should have been formed in the 
combustion of the fixed carbon, the air above the fire would 
burn this into carbonic acid and liberate thereby a large ad- 
ditional amount of heat. 


56. Why is a high temperature desirable for complete com- 
bustion P 
A high temperature of the fire is highly desirable, because 
the hydrocarbons or their parts are then more quickly united 
with oxygen and the formation of soot is less. 
The fixed carbon also is more completely united with 
oxygen and less carbon-monoxide is formed. 


57. What are Smoke and Soot ? 
Smoke and soot are unoxydized carbon particles and their 
presence is a sign of incomplete combustion. 


58. What helps to make combustion complete 2 

A high furnace and large combustion chamber give the 
gases and the air time for thorough intermingling and burn- 
ing, besides keeping the hot gases more out of contact with 
the cooling walls. 

With some water-tube boilers the furnaces: are set out with 
fire-brick, a material that conducts heat badly, thus tending 
to maintain a high temperature and aiding combustion. 


59. What are the most important fuels ? 
(1.) Coal. 
(2.) Wood. 
(@ ОМ, 
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60. What are the principal kinds of coal used 2 


(1. Anthracite, or hard, coal. 
(2.) Bituminous, or soft, coal. 


61. What are their characteristics ? 


Hard coal has about 86 to 9o per cent. of fixed carbon and 
about 2 to 8 per cent. of hydrocarbons. 

Soft coal has about 40 to 74 per cent. of carbon and 16 to 
50 or more per cent. of hydrocarbons. 

There are also intermediate grades used known as semi- 
anthracite and semi-bituminous coal that vary in their per- 
centage of hydrocarbons between 8 and 16. 


62. What is theaverage heating value of coal ? 


The average heating value of one pound of coal may be 
placed at between 12,000 and 15,000 heat units. 


63. What other substances are found in coal ? 


Sulphur appears in amounts up to 3 per cent., but usually 
only % to I per cent. 

Ashes are the incombustible substances that may be found 
in amounts varying from 2 to I2 per cent.in the different 
kinds of coal. 


64. How do these impurities affect the value of coal as a 
fuel ? 

Mineral combination of sulphur and iron affects the keeping 
qualities of some coals. In wet coal particularly it generates 
heat and sets up a slow oxidation that decreases the heating 
value of the fuel. Ashes and mineral substances may form 
clinker by fusing together and obstructing the passage of the 


air through the fire. 
. 


65. How is coal measured ? 
Coal is usually measured by weight in pounds or tons. For 
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stowage purposes between 42 and 44 cubic feet per ton of 
2,240 lbs. are generally allowed. 


66. What are the characteristics of wood as fuel ? 

Wood contains, on the average, about 50 per cent. of car- 
bon, some 40 per cent. of oxygen, some hydrogen and about 1 
per cent. of ashes. 


67. What is the average heating value of wood ? 

Wood has to be dry to obtain full heating value, and pro- 
duces, on an average, about 6,000 to 8,000 heat units per 
pound. 

68. What are the woods most frequently used for fuel ? 

Oak, beech, hickory, the different pines and firs. 


69. What are the relative fuel values of coal and wood ? . 
One pound of coal would be equivalent to about 2 or 2% 
pounds of wood. 


70. What are the characteristics of oil as fuel ? 
Oil for fuel purposes contains about 86 per cent. of carbon, 
13 per cent. of hydrogen and one per cent. of oxygen. 


ут. What is the average heating value of oil ? 
The average heating value of one pound of oil is between 
20,000 and 22,000 heat units. 


72. What is the relative value of coal and oil ? 
Three pounds of coal would be equivalent, in E value, 
to about two pounds of oil. 


73. What factors decide about the choice of the fuel ? 
Besides the consideration of the heating value are the com- 

mercial ones of price, ease of obtainance, stowage space re- 

quired and safety of handling. 

: Coal seems to be the best all-around fuel with high heating 
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value and fairly low price. It is everywhere easily obtained ; 
has small bulk in proportion to its heat value, and is safe to 
handle. 

Wood has the disadvantages of limited supply and of great 
bulk in comparison to its heating value. It finds favor where 
coal is high in price and transportation is easy. 

Oil presents disadvantages in point of limited quantity and 
certain dangers involved in storing and using it. It is used 
in regions where coal is high in price and transportation 


difficult. 


CHAPTER THREE 
STEAM AND ITS PROPERTIES. 
74. What is Steam 2 
Steam is water vapor. 


75. Howis steam produced 2 
By heating water until it evaporates. 
76. At what temperature does this evaporation occur 2 


Under the normal atmospheric pressure of 14.7 pounds per 
square inch, it occursat 212 degrees Fahrenheit. 


77. How many heat units are needed to make one pound 


of steam from one pound of water at 32° Fahren- 


heit 2 
(1.) Sensible heat to raise the water from 32° to 
212°>;,equivalentsto. 2... А ... 180.9 units 
(2.) Latent heat to change the liquid state to the 
gaseous ; equivalent ton.. 2.. 222. 10008 894.0 units 
(3.) Latent heat to overcome the resistance of 
the atmospheric pressure ; equivalent O 71.7 units 
Ао аа о А 1,146.6 units 


78. What volume would the steam, obtained from one 
cubic foot of water, occupy at the atmospheric press- 
Ure 


'The steam would occupy 1,646 cubic feet. 
79. What does steam do, if cooled ? 


It condenses partially, or totally, into water. 
14 
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80. What is understood by atmospheric pressure ? 

| Atmospheric pressure results from the weight of the air 
above the surface of the earth ; it is expressed by the weight 
of a column of air above a surface of one square inch, and 
amounts to I4.7 pounds on this square inch. 


81. What is Vacuum ? 
Vacuum is the absence of the weight of the air column or 
the absence of pressure. 


82. What is Gauge Pressure ? 
Gauge pressure is the pressure over and above the 14.7 
pounds of atmospheric pressure. 


83. What is Absolute Pressure ? 

Absolute pressure is the total pressure above the vacuum. 
It is, therefore, equal to the sum of gauge pressure and atmos- 
pheric pressure. 


84. How does the pressure affect the point of evapora- 
tion ? 
Increased pressure raisesthe point of evaporation ; decreased 
pressure lowers it. 
Water thus boils under a vacuum below 212 degrees Fahren- 
heit, while under a higher than atmospheric pressure a higher 
| temperature than 212 degrees is required. 


85. How does pressure affect.the volume ? 
| One pound of saturated steam occupies a smaller space 
at high pressure than at low pressure, but has a greater den- 
sity. | 
86. How does temperature affect the pressure P 

The pressure of the steam rises, if the temperature of the 
water and the saturated steam is raised. 

A certain temperature of saturated steam produces always 
the same pressure. 
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87. By what property does steam do work 2 


By the pressure it exerts against the surrounding walls, 
when confined, as in a boiler. | 


88. What is Saturated Steam 2 


Saturated steam is steam in direct contact with the water | 
from which it is generated. 

It has the same temperature as this water, and the maxi- | 
mum density for that temperature, and the space which it oc- | 
cupies cannot be filled by any more steam. It can, however, 
at low pressures and temperatures, contain water in form of 
spray or mist, and is then called wet saturated steam. 

If this moisture is not present, itis called dry saturated | 
steam. This is found at high points of temperature and press- 
ure. 

89. What is Superheated Steam ? | 

Superheated steam is steam that has a temperature higher 
than corresponds to its pressure. Superheated steam is always 
dry. 

90. How would steam act in a space with one movable 
side ? 5 

The steam would try to push the movable side out, or would 
expand until the pressure оп the inside would ђе the same 
as оп the outside, or until a retaining resistance should Бе. 
met. : 


от. What law does the steam approximately follow in this 
expansion ? | 
Steam follows approximately the law, that the pressure із, 
inversely proportional to the volume. For example, assume? 
a cylinder with the piston at half stroke, to be filled, one-half. 
with steam of 100 pounds per square inch, absolute pressure, 
and the other half connected with the vacuum ofthe con- 
denser, then the steam will push the piston to the end of the. 
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Ета. 1.—Diagrammatie Section of а Cylinder Illustrating the Compression and Expan- 


sion of Gases. This cylinder is filled with air at atmospheric pressure which repre- 
sents a uniform 14.7 pounds to the square inch behind the piston, as shown by the 
position of the piston in the small cylinder, A. When the piston of the large cylinder 
is moved through half the length of the stroke, it shows 30 pounds pressure, as shown 
by the position of the piston in small cylinder, B; when at three-quarters stroke, 60 
pounds, as shown by position to the piston, C; when at seven-eighths stroke, 120 
pounds, as shown by position to piston, D. At full stroke it would be 240 pounds, the 
diagram behind the small piston giving the compression curve from 15 to 240. 

The cylinder of a steam engine operates on this same principle of varying pressure, 
and, as shown by indicator cards, as in Fig. 2, the pressure falls regularly from the 
point of cut-off to the end of the stroke. The “curve of expansion”? is, theoretically, 
the same аз the curve passing through the centres of the small pistons, D, C, B, A, in 
this figure. 


an 
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stroke, making its own volume twice as large, and reducing 


1 


its absolute pressure one-half, or to 50 pounds per square | 


inch. 


If, for another example, it is assumed that the piston һай. 


advanced only one-tenth of its stroke, and, therefore, only | 


one-tenth of the volume was filled with steam of 100 pounds 
per square inch, absolute pressure ; then, upon pushing the 
piston to the end position, the volume would be increased 
tenfold, while the pressure would be decreased tenfold dewn 
to IO pounds per square inch, absolute pressure. 


92. How much steam would be used in these two cases ? 

Assuming that in both cases the cylinder has a cross sec- 
tional area of r,ooo square inches and a piston stroke of 30 
inches, the result is for the first case : 


І,ОООХ 15 = 15,000 cubic inches of steam. 


For the second case: 


I,000X 3 = 3,000 cubic inches of steam. 


93. How can the work of the steam, during one stroke, be 
determined ? 

As seen before, work is force multiplied by distance, or, in 
this case, pressure in pounds multiplied by stroke in feet, giv- 
ing foot-pounds of work. 

As the pressure changes during expansion, it will be neces- 
sary to subdivide the stroke into a large number of small 
parts. 

This allows the pressure to be considered constant during 
each of these small parts of the stroke ; the work during each 
of them is found as a product of this constant, or mean, press- 
ure and the length of each part. 

Finally, all the products have to be combined into one sum 


total. 
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94. How can this sum total of work be shown graphic- 
ally 2 
By the so-called indicator diagram as shown on Fig. 2, the 
area of which represents the work. 


95. What is the mean pressure ? 

The mean pressure is an average of all the varying press- 
ures at all the subdivisions of the stroke, and is used, for con- 
venience, in calculating the total work done by the steam. 


96. How is the mean pressure found ? 

By dividing the length of the diagram into a number of 
equal parts—in Fig. 2, 10 parts—adding the mean pressures 
of each tenth part and dividing the sum by Io. 

It is for the first case = 84.782 pounds. 

It is forthe secondcase = 33.789 pounds. 


97. How much work does the steam perform in the cases А 
and B, Fig. 2? 

A. The mean pressure per square inch is 84.782 pounds, 
which has to be multiplied by r,000, the number of square 
inches in the area of the piston, giving 84,782 pounds total 
pressure. 

This total pressure multiplied by 2.5 feet = 30 inches 
travel, gives 211,955 foot- pounds of work. 

B. The mean pressure, 33.789 pounds per square inch, mul- 
іріеа by 1,000 gives 33,789 pounds total pressure, which, 
multiplied by 2.5 feet, gives 84,472.5 foot-pounds of work. 


98. How much more work is done in А than in B? 


211,955 foot-pounds divided by 84,472.5 foot-pounds gives 
2.51 times more work done in А than in B. 


99. How much more steam was put into A than into В? 
A. was filled one-half, while B was filled one-tenth. There- 
fore, А had 5 times more steam than B. In other words, in 
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order to do 2.51 times more work, A had to be filled with 5 
times more steam than B. 


‘100. Which case is, therefore, the most economical, А 
or В? 
B is the most economical, and from this fact it is concluded 
that THE GREATER THE EXPANSION THE GREATER, THEO- 
RETICALLY, THE ECONOMY. 
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Fig. 3.—Average Indicator Card from the Intermediate Cylinder of а Triple-expansion 
Engine, giving figures for both forward and backward strokes. The diagrams shown 
in Fig. 2 are for only one stroke. This card is also ruled, as shown by the full lines, 
into ten equal sections. Through the centre of each section is ruled a dotted line, on 
which by reference to the number and tension of the spring used in the indicator the 
pressure at those points may be found by measuring on the dotted line between the 
base line and the expansion curve. The numbers indicating these several pressures, 
in pounds, are then added together, the results being 151.70 for the right-hand stroke, 

. and 162.00 for the left-hand stroke. Dividing by 10, as in the case of Fig. 2, we have 

` 15.17 pounds, М. E. P., for the one, and 16.2 pounds, M. E. P., for the other. Adding 
these two results, we have 31.370, which, divided by 2, gives 15.685 pounds, M. E. P. 
For a сата showing both strokes the M. E. P. may also be found, thus: 162 + 151.7 = 
313.7, which divided by 20 gives 15.685, М. Е.Р. > 


тот. What practical limit has this law 2 
(1.) To do a certain amount of work with very high expan- 
sion would require very large and, therefore, costly cylinders 


and engines. 
(2.) With high expansion the temperature changes in the 
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cylinder are great, which causes large condensation and con- 
sequent loss of steam and work. 


102. How may this harmful condensation be partially 
avoided ? 


(ту By arranging the expansion in several steps, as is done 
in multiple cylinder engines. 


(2.) By superheating the steam, and thus providing an ex- 
cess of heat that can be used for heating the cylinder walls. 


103. What is otherwise desirable for economy ? 


To begin the expansion with a pressure as high as pos- 
sible. 


CHARTER POUR. 


MECHANICS AND ECONOMICS OF THE MARINE ENGINE. 


104. What is the path of the piston under the pressure of 
the steam ? 
The straight line that the piston travels over in its recipro- 
cations, or backward or forward movements. 


105. How is this reciprocating movement used for the pro- 
pulsion of ships ? | 
It is transformed into the rotary movements of the shaft and 
propeller. 


106. How is this transformation accomplished ? 
By swinging, connecting rods joined at one end tothe firmly 
guided piston rod and at the other end to a revolving crank. 


107. Does the crank transmit a uniform turning effort ? 
No; at the top and bottom positions of the crank it trans: 
mits no turning effort at all. 


IO8. How is this turning effort employed for the propulsion 
of the ship ? 
The turning effort is transmitted by shafting to the propel- 
lers that drive the ship. 


109. How do the propellers drive the ship ? 

The revolving motion of the propellers is converted into the 
straight line travel of the ship. 

(1.) In paddle wheels, by transmitting pressure to the water 
in the iine of a tangent through the blades on the immersed 


arc of the wheel. 
23 
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(2.) In screw-propellers, by transmitting pressure to the 
water in the line of the axis of the wheel through the twist of 
the blades. 


IIO. Is the work from the steam all applied to the task of 
propelling the ship ? 
No ; there are numerous losses between the two ends of the 
chain, known in general as ‘‘mechanical losses." 


ІІІ. Is all the heat of the fuel utilized in the work done by 
the steam ? 


Хо; there are here also numerous and great losses, known 
as “heat losses." 
112, What are the heat losses in the boiler 2 

(1.) Incomplete combustion and smoke. 


(2.) Heatin funnel gases. 
(3.) Heat radiated from the boiler body. 


113. What is the percentage of loss in the process oftrans- 
mitting the heat of the fuel to the generated steam 2 


From 25 to 30 per cent. is the average loss in good installa- 
tions, while it is even larger in poor ones. 


114. How is the performance of the boiler as a steam gen- 
erator expressed ? 


It is expressed by the number of pounds of water evapo- 
rated to steam by one pound of coal. 


115. How great is this proportion for good practice ? 
From 9 to 10 pounds of steam should be produced by one 
pound of good coal. 


116. What are the heat lossesin the engine 2 
(1.) Radiation and conduction from pipes and cylinders. 


(2.) Condensation on the surfaces of the cylinders. 
(3.) Sensible and latent heat carried off in the condensing 


MECHANICS AND ECONOMICS. 25 


water, due to the fact that only the heat between the extreme 
temperatures of the steam in the engine can be be turned into 
work, 


117. What is the percentage of loss in turning the heat of 
the steam into work ? 
This loss is very large, being for average good practice from 
78 to 84 per cent.; leaving only from 16 to 22 per cent. of 
the heat of the steam actually turned into work. 


118. How is the performance of the engine as a generator 
of work expressed ? 
It is expressed by the number of pounds of steam per hour 
that is required to produce one horse-power, or 33,000 foot- 
pounds per minute. 


119. How great is this number for good practice 2 


From 14 to 20 pounds of steam per hour are needed for one 
indicated horse-power, when good boilers are used. 


120. How great isthe percentage of loss in turning the 
heat capacity of the fuel into work ? 
From 84 to 90 per cent. of the heat of the fuel is lostand only 
II to 16 per cent. is turned into work, with good average 
boilers and engines. 


121. What is the equivalent of one horse-power in heat 
units per hour 2 


One horse-power equals 2,546 heat units per hour. 


122. How many horse-power per hour could one pound of 
coal produce, theoretically ? 
If we assume 13,500 heat units per pound of coal, it would 
furnish 5.3 horse-power for one hour. 
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123. How many horse-power per hour could one pound of 
coal produce, practically, with good modern boilers | 


and engines of II to 16 per cent. efficiency ? 


One pound of coal will furnish from 0.583 to 0.838 horse- 
power for one hour. One horse-power will require 1.2 to 1.8 
pounds of coal per hour. 


124. What are the mechanical losses ? 
(1.) Friction in the engine and shafting. 
(2.) Resistance and friction of the propeller. 


125. How great is the percentage of these two losses ? 

From 42 to 50 per cent. of the total indicated horse-power 
is lost, leaving from 50 to 58 per cent. for the useful thrust to 
overcome the resistance of the ship. 


126. What are the principal components of the resistance 
of the ship 2 
(1.) Skin-friction resistance. 
(2.) Wave-making resistance. 


127. How is the resistance of the ship measured 2 
(1.) By the square feet of wetted surface. 
(2.) By the two-third power of the tons of displacement. 


128. What ratio can be established between resistance and 
speed ? 

For approximate results, resistance varies as the third power 
of the speed. 

For example, if 1,000 horse-power are required for a speed 
of то knots, then 8,000 horse-power are required for 20 knots ; 
or it requires eight times the horse-power to double the 
speed. ` 


129. How does this affect the coal consumption ? 
It will require eight times more coal to double the speed. 
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130. How will this affect the steaming radius of ships ? 


The steaming radius ofa ship with a bunker capacity of 500 
tons and a coal consumption of 5 tons per hour at 10 knots speed 
would ђе : 


ТОКТОКЕ 500 _ | 100 hours X 10 knots = 1,000 knots to- 
E tal voyage. 

20 knots 500 12.5 hours Х 20 knots = 250 knots to- 
Ls tal voyage. 


I3I. How do engineers make use of this law ? 


They make use of this law when the coal on hand would 
not last to the end of the voyage at the average rate of speed 
and coal consumption. Ву reducing the speed and the coal 
consumption per hour they are enabled to cover a greater 
total distance, with a given amount of coal on hand. 
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Wie. ЗА.-Тпе First Transatlantic Steamship, the “Savannah” (1818). On her first 
voyage this ship crossed the ocean in twenty-six days, traveling for eighteen days 
under steam. The immediate result was to demonstrate the possibility of trans- 
oceanic steam travel, 
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CHAPTER ЕЕЕ. 
THE CHARACTERISTICS OF STEAM BOILERS. 


132. What is the prime function of a boiler ? 
The prime function of a boiler is to transfer heat from the 
gases of combustion to water, and thereby generate steam. 


133. What means is provided for this transfer of heat 2 
Heating surface. 


134. What are the requisite qualities of this heating sur- 
face 2 
The heating surface must absorb the heat of the burning 
gases as completely as possible, while keeping the water and 
steam from coming into direct contact with the fire. 


135. What qualities should the material of a boiler heating 
surface embody 2 
(1.) The material of the heating surface should be a good 
conductor. 
(2) It should have ample strength to retain the steam under 
pressure, even if heated to a high temperature. 


136. What materialis best suited to this purpose 2 

Iron, in general, or in the special form of steel, as it is 

а fairly good conductor of heat and has great strength, 

besides being obtainable in unlimited quantities at a low 

price. 

137. What is the most convenient form in which to ar- 
range the heating surface of a boiler ? 


Тће tubular form is most convenient,as having great strength 


and lightness of weight, while easily manufactured. 
31 
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138. What other important parts are contained in boilers ? 

(1.) A shell and heads, which are not heating surfaces, are 
required to complete a tight receptacle for holding the steam 
and water. 

(2.) Since the combustion of the fuel takes place around and 
within the boiler, shell space must be provided for the com- 
bustion, and also for the passage of the gases over the whole 
heating surface. 


139. How long should the gases be in contact with the 
heating surface? 

The gases should be in touch with the heating surface until 
they become cooled to such an extent that active and quick 
transmission of heat stops. This is assumed to occur when 
the gases have reached a temperature of from 600 to 800 
degrees Fahrenheit. 


140. How extensive should the heating surface be ? 

The heating surface should be large enough to effectually 
reduce the temperature of all gases, the size in square feet 
being regulated according to the number of pounds of fuel, 
from which the gases. are developed. 


I4I. Where are these gases developed from the fuel ? 
On the grate. 


142. What is the function of the grate ? 

The duty of the grate is to spread the fuel so that the air 
has easy access to it, uniformly, all over, and effects thereby | 
a combustion as complete and as regular as possible. 


143. What should be the dimensions of the grate to effect 
the spreading of the fuel to best advantage P 

The grate should be rather wide than deep, as this will. 

allow the fireman to spread the fuel in more uniform thick- 

ness, and keep it in better condition for complete combustion. | 


| 
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144. What determines the number of pounds of fuel that 
can be burned ? 
The amount of fuel consumed depends upon the area of the 
grate and the draft. 


145. How are the heating surface and the grate area 
measured ? 
The heating surface and the grate area are expressed in 
square feet. 


146. What is the ratio between grate area and heating 
surface ? 

The ratio of heating surface to grate area varies usually be- 
tween 30 to I and 40 to I, because it has been found that the 
heat of the gases produced from the fuel on one square foot 
of grate area can be effectively and economically absorbed by 
from 30 to 40 square feet of heating surface. 


147. What are the limits of differing ratios in draft > 

With forced or strong draft the upper limit of ДО to I, ог 
even as high as 50 фот, is chosen, as the volume of the gases 
of combustion per square foot of grate increases. For natural 
draft the lower limit of 30 to I, or even as low as 27 or 28 to 
I, is employed. 


148. What part of the heating surface is most effective in 
the transmission of heat ? 

The part of the heating surface nearest to the fire is always 
the most effective, as there the differences in temperature of 
gases and water are the greatest, and, therefore, the absorp- 
tion of heat is the quickest. 


149. How is the transmission of heat by the heating sur- 
face measured ? 
By the number of pounds of water evaporated per square 
foot of heating surface per hour. 
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150. What are àverage rates of evaporation per square 
foot of heating surface ? 
For natural draft about three pounds per 121 For forced 
draft up to seven or more pounds of water per square foot of 
heating surface per hour. 


151. How is the efficiency of evaporation affected by the 
different rates 2 

The efficiency of evaporation is higher at low rates, because 
the heat is more completely absorbed. 

But, in practice, it is not found profitable to go below aver- 
age rates of evaporation, as a boiler, to produce a certain 
amount of steam, would have to be much larger and more 
expensive, if worked with low rates, than if worked with high 
rates of evaporation per square foot of heating surface. 


152. How should the gas passages be arranged ? 
The gas passages should be so arranged that the whole 
heating surface can readily absorb the heat of the gases. 


153. In relationto what do we calculate the area of the gas 
passages ? 

The area of the passages is placed in relation to the area 
of the grate; the ratio between them is usually one square 
foot of passage for a total of from seven to nine square feet of 
grate. 

154. What is the ratio of the air space area of the grate to 
the area of the total grate and to the area of pas- 
sages 2 

The area of the air space is from one-third to one-half of 
the total grate area, and one square foot of passage is usually 
provided for every 3 to 3.5 square feet of air space of the grate. 


155. Is the area of the gas passages uniform throughout 
its course ? 
No; the area of the passages decreases, usually toward the 


CHARACTERISTICS OF STEAM BOILERS. 35 


funnel, making the gases travel faster when their heat excess 
is smaller. 


156. What is the water-space of the boiler 2 


'The water-space of the boiler is that part of its interior that 
is nearest to the heating surface. 


.157. How should the water-space be arranged ? 

The water-space should be arranged so that the steam 
evaporated from the heating surface can, by rapid and undis- 
turbed circulation, be replaced by water in the liquid state. 


I58. Why is this rapid circulation needed in all boilers ? 

This rapid circulation of the water is needed to prevent 
over-heating of the heating surface; since water should be 
kept incontact with the heating surface in order to absorb suf- 
Scient heat to avoid dangerous temperatures. 


I59. What is steam-space ? 

The steam-space is that part of the interior of the boiler 
that is removed from the heating surface and above the water- 
space, in order to allow for accumulation storage space for the 
steam. 


160. What is the water-surface ? 

‘The water-surface is the area of contact between water and 
steam. It provides for the escape ofthe steam-bubbles from the 
water. 


161. What may result from contraction of the water-sur- 
face in relation to the heating surface 2 

А contraction of the water-surface may, on account of the 
great violence with which the steam particles break through 
the water-surface, produce priming. Priming is the carrying 
of small water particles into the steam, making it wet steam, 
that is liable to deposit this water in dangerous quantities in 
pipes or cylinders. 
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r62. How high should be the water level in a boiler 2 

The water should cover all fire-touched heating surface, at 
least several inches deep, giving due consideration to inclined 
positions in which boilers may be placed on board of ships. 


163. What auxiliaries may be added to the heating surface 
for better use of the heat of the gases P 
(1.) Super-heaters, in which the steam is heated to higher 
temperatures than in the boiler. 
(2.) Air-heaters that heat the air for combustion. 
(3.) Feed heaters that heat the feed water before it enters 
the boiler. 


164. What are the principal reasons for sub-division of 
steam generating capacity ? 

The steam generating capacity may be concentrated in a 
single boiler or divided into two or more units. The single 
boiler possesses the advantage of simplicity of use, as there 
is only one steam delivery and one water supply to match. 

Аза single boiler is usually of fairly large dimensions, it 
has greater steadiness of steaming, as well as, relatively, bet- 
ter economy. There is, however, in case of accident, a com- 
plete stoppage of steam delivery, that might leave a ship en- 
tirely helpless. 

In single units the width of grate may be necessarily limited, 
and by making up in length the efficiency of firing may be 
reduced. 

A sub-division into several boilers introduces a greater 
complication, but gives greater safety, as well as sometimes 
greater hardness. Frequently a small boiler, called a 
“donkey boiler," is installed to furnish steam for port use, 
to drive winches, pumps, turning engine, etc. ! | 


(1.) Есік II, 25.—Every sea-going steamer carrying passengers shall be supplied 
with an auxiliary or donkey boiler of sufficient capacity to work the fire pumps, and 
such boilers shall not be placed below the lower decks, except on single deck vessels, on 
any steamer hereafter built or for first inspection as a passenger steamer, 
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165. How does the position of the boilers affect the con- 
venience and safety of handling ? ? 


The boilers may be placed low in the hold, as in most sea- 
going ships, or above the waterline, as in many river and bay 
steamers. The latter position affords a certain convenience 
in discharging ashes and handling coal, while the former is 
‘the safer for sea-going ships. 

In many steamers care must be taken that the heat of the 
boilers will not prove injurious to the ship or cargo. 


(2.) RULE П, 19.—A]1 steamers having boilers externally heated shall have a clear 
space of not less than 6 inches on either side and 4 inches on the top. 

RULE ТУ, 6—"АП steamers on Western rivers having their boilers situated so that 
sparks may be driven back among combustible materials shall have а sheet-iron fender 
extending from the fire doors not less than 2 feet. 

Rutz II, 20.—A11 steamers, the boilers of which shall be internally heated, shall have 
& clear space of at least 4 inches on either side and at the top of 2 inches above the 
covering of the boiler. 

Rutz II, 21.—АП boilers placed in steamers shall have a clear space of at least 8 inches 
between the underside of the cylindrical shell and the floor or keelson. 

Rutz II, 23.—АП boilers shall have a clear space at the back of 2 feet opposite the 
back connection door; on steel or iron vessels the distance between the back connection 
doors and metal bulkheads shall not be less than 16 inches. 
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166. What are the principal types of boilers 2 
(1.) Fire-tube boilers. 
(2.) Water-tube boilers. 


167. What is the principal distinction between them ? 
Fire-tube boilers have the hot gases inside of the tubes. 
Water-tube boilers have the water inside of the tubes. 


168. What other division of boilers may be made ? 

Boilers may be classified according to the pressure they are 
intended to carry. 

(1) Low pressure boilers, with pressures up to about 55 
155. per square inch are much used in connection with beam 
or single cylinder engines. 

(2. High pressure boilers, with pressures from 150 to 300 
pounds per square inch, are used in connection with triple 
and quadruple expansion engines. 


169. What are the common forms of the fire-tube boiler ? 
Тће common forms of fire-tube boiler are : 
(1.) Scotch boiler. 
(2.) Vertical boiler. 
(3.) Locomotive boiler. 
(4.) Leg, or flue and return tube, boiler. 
(5.) Western river boiler. 


170. What are the distinctive features of the Scotch 
boiler ? 


The Scotch boiler is essentially a boiler for high pressure 
|! 38 
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and has, for this reason, most of the important members in 
cylindrical shape. 

They are all arranged horizontally. The gases pass tothe 
back and are returned to the front for discharge. 


171. What are the important parts of the Scotch boiler ? 


(1.) Cylindrical shell, which encloses the steam and water- 
space. 

(2.) 1, 2, 3 or 4 cylindrical furnaces that provide room for 
the grate. 

The grate divides the furnaces into the space for the gases 
above and into the ash-pit below the grate. 

(3.) Cylindrical tubes in large number, above and parallel 
to the furnaces. These constitute the bulk of the heating sur- 
face and lead the gases to the uptake at the front of the boiler. 

(4.) I, 2 or 3 combustion chambers, or boxes for the com- 
bustion of the gases. They form the passages for the gases 
from the rear end of the furnaces to the tubes. 

They have flat tops, backs and tube plates and sides that 
require staying to resist the pressure of the steam. 

(5.) Heads to close the ends of the cylindrical shell. These 
require staying to resist the steam pressure provided, partly by 
special bolts, partly by the tubes. 

(6.) Uptake and funnel to carry off the burnt gases. 


172. In what special forms is the Scotch boiler con- 
structed ? 


The Scotch boiler may be single ended or double ended. In 
the latter case it has combustion chambers common to either 
end, or else separate. 

As a usual thing, Scotch boilers are large in diameter to 
accommodate furnaces and return tubes all in one end; for 
special uses, as where headroom is limited, a form known as 
the gunboat boiler is built. 
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It contains only the furnaces in the front, the combustion 
chamber at the centre, and the tubes at the rear of the boiler. 
The gases, therefore, have a straight passage through a 
cylinder of small diameter and great length. 


Fie. 4.—Submerged Tube Vertical Boiler. As may be understood from this cut, the steam 
space is above the top of the fire flues, surrounding the smoke vent, above the upper 


crown-sheet. This forms the submerging chamber. 
173. What are the distinctive features of the vertical 


boiler ? 
The vertical boiler has nearly all its members in cylindrical 
shape, and arranged vertically. The gases pass directly into 


the stack. 
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174. What are the principal parts of the vertical boiler ? 
(1.) The cylindrical shell, which encloses the steam and 
water-space. 
(2.) The furnace and combustion chamber, which is ее 


Ета. 5.—Flush Tube Vertical Boiler. Unlike the type of generator shown in Fig. 4, the 
steam and water space in this boiler is below the level of the upper crown- -sheet into 
which the fire tubes are expanded. 


by the grate into the ш and gas chamber and the ash-pit 
below. 

The cylindrical furnace is flanged out, at the bottom, until 
it meets the shell, dispensing, in this way, with the lower 
head. 
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e of Marine Boiler. The outside shell of the steam and water space 
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In one side it flanges to the shell, for the fitting of the fur- 
nace door. | 

The top is flat Юг the reception of the tubes. 

(3.) Cylindrical tubes, in large number, which connect either 
with the top head of the shell or with the bottom of a sub- 
merging chamber that keeps the upper ends of the tubes al- 

‚ ways below the water level. 

(4.) The top head that limits the steam-space. 

It requires staying against the steam pressure, where the 
tubes, or submerging chamber, do not fill this office. 

(5.) The submerging chamber, usually in form of a cone, to 
lead the gases to the stack directly above. 


175. What are the distinctive features of the locomotive 
boiler ? 

The locomotive boiler is of cylindrical form through most 
of the length of the shell, and in the tubes, while the furnace 
and forward portion of the shell are constructed in box form. 
The tubes are arranged horizontally and the gases pass di- 
rectly from the furnace in the front through the tubes to the 
rear ofthe boiler and to the smokestack. 


176. What are the principal parts of the locomotive 
boiler ? 

‚ (r) The shell, consisting of two parts, a cylindrical one in 

wake of the tubes and the front part with rounded top on a 

box-shaped lower half. 

(2.) The furnace and combustion chamber, with the gratein 
the open bottom, opening through the water-space at the 
front, with the furnace door. 

It is separated from the shell and the heads by water- 
spaces. 

Тће sides and the sometimes flat, sometimes rounded, top 
require staying to а large extent. 

The sides, at the bottom, are sometimes flanged to the shell 
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nd heads, and sometimes connected to them by a solid, forged 
ing of the thickness of the water-space. 

(3.) Cylindrical tubes in large number and relatively small 
iameter, which connect the furnace to the rear head of the 
hell. 


че 


Carn 


Fie. 9.—Two Plane Sectional Front View of the Leg Boiler, showing the location of the 
furnaces and the larger and smaller smoke flues, 


(4.) Front and back heads to complete water and steam- 
space; also a sheet, called the throat-sheet, connecting the 
cylindrical shell at the bottom to the box portion. 


177. What are the distinctive features of the leg, or flue 
and return tube, boiler 2 
(r. The leg boiler has cylindrical shape, in that part of the 
shell containing the flues and tubes, while the one or more 
furnaces are similar to that in the locomotive boiler. 
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(2.) The one ог more combustion chambers are similar to 
those of the Scotch boiler. 

(3.) The flues and tubes are arranged horizontally and the 
gases pass to the rear, being returned to the front into an up- 
take chamber, frequently built into the boiler. Around this 
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Fra. 11.—Front and Longitudinal Sections of the Western River Boiler, showing steam 
drum and steam out-take. 

uptake is often a vertical, cylindrical extension of the steam- 

space, which acts as a superheater and steam-drier. 


178. What are the distinctive features of a Western rive 
| boiler 2 
(1.) The furnace and forward portion of the gas-passages 
are built of brick, outside of the body of the boiler. 
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(2.) The cylindrical shell thus acts as heating surface. The 
gases are returned from the back through the cylindrical flues 
to the uptake at the front. The boiler is very simple and can 
be used for generating high pressures. 


179. How аге water-tube boilers classified 2 

Water-tube boilers may be classified in a number of ways: 

(1.) By the size of the tubes, into large and small tube 
boilers. - 

(2.) By the form of the tubes, into straight or curved tube 
boilers. 

(3) By the position of the upper ends, in regard to water 
level, into drowned tube, or priming tube, boilers. In the 
drowned tube variety the tubes are all below the water-level; 
in the priming-tube variety their upper ends extend above the 
water-level. 

(4.) By the arrangement of the tubes, which may Бе соп- 
nected into groups, with a common steam discharge, or as 
single tubes. 

(5.) By the arrangement of the circulation, as single tube or 
double tube boilers... 

(6.) By the manner of fastening the tubes, as screwed or 
expanded tube boilers. 

(7.) By the position of the tubes, as vertical or horizontal 
tube boilers. 


180. What are the main parts of water-tube boilers 2 

(1.) The steam drum for collecting and delivering the gen- 
erated steam. The lower third of this drum is usually a 
water-space, while the upper two-thirds is the steam-space. 
Its shape is nearly always cylindrical, with flat or bumped 
heads in each end. 

(2.) The tubes of the cylindrical section, which compose 
the heating surface. They connect either directly to the drum, 
or to headers, or chambers, that discharge into the drum. 
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Ете. 12.—Types of Water-tube Boilers, I.—Part Sectional Elevation of the Watson Radial 
Water-tube Boiler. The steam and water spaces of this boiler, which are, as shown, 
annular steel pressings, are connected by numerous tubes inclined so as to forma 
truncated cone. А baffle plate is inserted just above the combustion space for the 
purpose of breaking up the gases of combustion. 
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(3.) One or more bottom drums that supply the tubes with 
water. They are frequently cylindrical tubes and receive the 
lower tube or header ends. | 

(4.) Down-comers, which are necessary to some forms, while 
missing in others, They return the water from the top drum 
to the lower ones, thus completing the continuity of water 
circulation. 


Fia. 13.—Plan View of the Watson Water-tube Boiler, showing connections of tubes to 
crown-sheet of lower pressing and perforated baffle plate hung above the combustion 
space. 


In some forms this return of the water takes place in the 
chambers, or through some of the tubes. 

These constitute the parts that contain the water and steam. 
The fire and gas chamber, as well as the gas passages, along 
and over the heating surface to the stack, are formed by casing 
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and division walls of brick or зћее топ lined with asbestos, 
or other insulating material. 

These casings should be so constructed as to absorb and 
radiate as little heat as possible. 


181. What are the advantages of the fire-tube boilers 2 
(1.) Steadiness of steam generation. With their large mass 
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of water, they are not easily affected by differences in the heat 
transmission or in the steam discharge. 

(2.) Steadiness of water-level. With their broad water sur- 
face they are not easily affected by differences in the rate of 
evaporation or in the feed-water supply. 

(3.) Relative simplicity. They can be constructed in large 
units, with a correspondingly limited number of valves, joints 

апа fittings. 

(4.) They are comparatively easy to care for. 

In some boilers it is possible to clean the heating surface 
in the tubes or to plug a leaky tube. 


52 QUESTIONS FOR MARINE ENGINEERS. 


[2 


= Е r UM 


Fig. 15.— Types of Water-tube Boilers, ITI. —The Niclausse Boiler. Each of the tubes of 
this boiler, nested, as shown in left-hand diagram, contains another tube, thus in- 
creasing the circulation from the lowest point to the steam drum and back, after the 
manner of the well-known Field tube boiler, : 
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(5.) They possess a certain indifference to salt water feed, 
if used in urgent cases. 

(6.) Some of them can reduce heat loss by radiation to 
the minimum, as the fire is all inside. 


182. What are the disadvantages of fire-tube boilers ? 


. (1.) Weight, which, compared to horse-power delivered, is 
higher than for the water-tube boiler, particularly with high 
steam pressures. 
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Fic. 16.—Detail of Header Connection to Steam Drum іп the Niclausse Boiler. As shown 
in this sketch, the water circulates through the outer tube from the lower to the 
upper header, entering the drum as shown by the arrows, The down-coming current 
is through the inner tube, back again to the lower header of the inclined tubes, 


(2.) Inability to generate steam quickly; since the large 
body of water must be uniformly heated to prevent straining 
and leakage in the joints by unequal expansion. 

(3.) Inability to stand strong forced draft, as the tube joints 
in particular are liable to become leaky. 

(4.) There is also a great sensitiveness to rapid cooling, as 
in leaving the fire-doors open, etc., that starts the joints leak- 
ing and strains the whole structure of the boiler. 

(5.) Great bulk, making it difficult to remove the boiler for 
repairs, etc., through the hatches of the decks. This is rather 
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a difficult operation as the boiler must be handled completely 
riveted together. 
(6.) Possibility of disastrous explosions if the steam pressure 
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Ела. 17.—Types of Water-tube Boilers, 1V.—The Seabury Boiler, This model has three 
lower-water, or mud, drums, connected, as shown, with the single steam and water 
drum at the top. The furnace in this boiler is shown divided into two sections. Above 
the boiler tubes is a series of straight tube coils for pre-heating the feed water. 


should run too high, or part of the heating surface should col- 
lapse from overheating at low water. 
The repairs in such emergencies are always extensive. 
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183. What are the advantages of water-tube boilers ? 

(1.) Comparative immunity from explosions, as the amount of 
water contained is small. 

If any damage is done, it is usually in the tubes, which, in 
most cases, may be replaced at small expense and trouble. 

(2.) Great lightness, as the material may be, even for high 
. pressures, comparatively thin with little bracing. The amount 
of water contained is also small. 

(3. The possibility that the boiler may be built together 


Fia. 18.—Detail of E Manifold of One Model of Seabury Boiler, showing the method 
of expanding the water tubes into the upper sheet of the mud and water drum. 


on its foundation, and the need of only small hatch entrances 
in the boiler rooms. 

(4) Rapidity of steam generation, owing to the small 
amount of water contained, as well as to great elasticity of 
structure. 

(5.) Ability to stand ced draft and rapid cooling, owing 
to elasticity of structure. 


184. What are the disadvantages of water-tube boilers ? 
(1.) Great sensitiveness in regard to quality of the feed- 
water and to a steady rate in its supply. 
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Fresh water is almost a necessity for water-tube boilers, in 
order to prevent scaling or incrustation; that might burn the 
tubes through rapidly. The water-level has to be kept very 


Fic. 19.—Types of Water-tube Boilers, V.—The Roberts Boiler. This generator consists 
of three essential parts—the generating system, the superheater, and the feed heater. 
The first is the steam and water drum. which is connected to the lower drums by the 
up-flow coils, shown іп detail in Fig. 20, and by the down-comers here shown at the 
outer side of the combustion space. The superheating coils run from top to base of 
the structure at right angles to the down-comers. 


steady, since, owing to the small amount of water contained, 
strong evaporation might rapidly lower the water-level. 
(2.) Sensitiveness in steam generation, as the small amount 


TYPES OF STEAM BOILERS. 


SECTION THROUGH DRUM. 
SIDE PIPE AND UPFLOW COIL. 


Fic. 20 


wo sets of tube coils attached to the steam and mud 


drums; also, section through steam drum, side pipe and upflow coil. 


.—Constructional Details of the Roberts Tubular Boiler, showing t 
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of water affords no heat storage, and any change in the rate 
of combustion or evaporation will quickly affect the quantity 
and pressure of the steam. There is also a tendency to ! 
priming, as the water surface is quite contracted. 
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Еіс. 21.—Types of Water-tube Boilers, VI.—The Mosher Double-drum Boiler for High- 
speed Torpedo Boats. This boiler has two upper and two lower drums, which are con- 
nected by rows of bent tubing, inclined and connected, above and below, as shown. 
The two upper drums are also connected, below the water line, by a length of tubing, 
thus rendering the water circulation system a unit throughout. 


ج | 


(3.) А certain complication in form and use. Since such 
boilers are usually built in comparatively small units, they re- 
quire a large number of them, with multiplied valves, joints, 
etc. 
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Fie. 24.—Types of Water-tube Boilers, IX.—The Babcock & Wilcox Marine Boiler. The 
water tubes of this boiler are expanded into sectional headers, each of which con- 
nects to two vertical rows of tubes, staggered so as to permit of breaking-up the . 
gases of combustion. Each such double vertical row of tubes is thus independent, 
except for common connections, with all others, to the mu drum at the bottom and 
the steam drum at the бор. Screens, or deflectors, as shown, are placed across the 
rows of tubes and at the top, in order to direct the course of the gases of combustion, 
as they seek the draft, thus greatly facilitating economy of heat. 
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They have a large number of tube-joints that are accessible 
only on the cooling and blowing-down of the boiler. 

(4.) Loss of radiation, which is generally higher than in fire- 
tube boilers, on account of the greater exposure of fire- 
touched surfaces. 


185. How does the matter of available fuel and feed-water 
supply affect the choice of a boiler ? 

The choice of a boiler may be affected by the fuel in such 
way as to make a deep fire-box desirable, as in locomotive 
boilers. It may be affected by the feed-water to make the re- 
moval of scale and sediment an easy matter, as in the Western 
river boiler; in a vertical boiler, or in a straight tube water- 
tube boiler. 


186. How does the desired pressure affect the choice of a 
boiler 2 

The boiler may be built for a single cylinder engine which 
uses steam at low pressure; the leg boiler is, therefore, often 
found in connection with beam engines. 

If medium pressure is desired, either the Scotch or locomo- 
tive boiler may seem suitable. For the highest pressures in 
use the water-tube boiler is, perhaps, the most practical. 


187. How do the considerations of durability and easy 
tending, as well as immunity from repairs, affect the 
choice of a boiler ? 

Nearly all fire-tube boilers, if of large proportions to secure 
an easy evaporation on natural draft, will realize good dura- 
bility, through heavy dimensions in their material, easy tend- 
ing, by large units and by the large body of water contained, 
as well as small repairs by easy service. 

In the.small-tube “express” water-tube boiler, all these cons 
siderations are sacrificed to effect a saving of weight and to 
gain a higher speed, regardless of cost. 
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а, 25,—Plan and Transverse Section of a Ship's Hold, showing two Babcock & Wilcox 
; р boilers in position. 
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188. How do we ascertain the ability of a boiler to with- 
stand high steam pressures ? 

By putting the boiler under а certain test or excess pressure 
it may be ascertained whether the boiler can stand the work- 
ing pressure, without deformation, bulging or other indication 
of weakness. 


189. What are the usual test pressures for boilers ? 
Fire-tube boilers are tested to one and a half times the 

working pressure and water-tube boilers to twice the working 

pressure. | 


190. Who makes this test for marine boilers in the United 

States ? | 
The Federal officers of the Steamboat Inspection Ser- 
Mice : 


d 


(3.) SECTION 4,418.—The local inspectors shall also inspect the boilers of all steam 
vessels before the same shall be used, and once at least in every year thereafter. 

They shall subject all boilers to the hydrostatic pressure, and shall satisfy them- 
selves by thorough examination that the boilers are well made, of good and suitable 
material; 

That the openings for the passage of water and steam, respectively, and all pipes and | 
tubes exposed to heat, are of proper dimensions and free from obstruction; that the 
spaces between and around the flues are sufficient; | 

That the flues are circular in form; that the fire line of the furnace is at least 2: 
inches below the prescribed minimum water line of the boiler; that the arrangement 
for delivering the feed water is such that the boilers cannot be injured thereby, | 

And that such boilers and machinery and the appurtenances may be safely em-- 
ployed in the service proposed in the written application without peril to life. 

They shall also satisfy themselves that the safety valves are of suitable dimensions, | 
sufficient in number and well arranged; 4 | 

And that the weights of the safety valves are properly adjusted, so as to allow по’ 
greater pressure in the boilers than the amount prescribed by the inspection certificate; - 

That there is а sufficient number of gauge cocks properly inserted, and suitable: 
steam guages to indicate the pressure of steam; and that there are reliable low-water 

uages; ] 
2 Апа that the fusible metals are properly inserted, so as to fuse by the heat of the: 
furnace, whenever the water in the boilers falls below its prescribed limits; 

And that adequate and certain provision is made for an ample supply of water to 
feed the boilers At all times, whether such vessel is in motion or not, so that in high 
pressure boilers the water shall not be less than 4 inches above the top of the flues; 

And that means for blowing out are provided, so as to thoroughly remove the mud 


No boiler or pipe, nor any of the connections therewith, shall be approved Mee is 
angerous from: 


CHAPTER SEVEN. 


DETAILS OF CONSTRUCTION: FIRE-TUBE BOILERS. 


тот. Of what materials! are the different parts of fire tube 
boilers constructed ? 
The principal material for nearly all parts is steel; iron is 
used sometimes in tubes, rivets and any smaller parts that 
require welding. 


(4.) SECTION 4,428.— Every boiler manufactured to be used on steam vessels made of 
iron or steel plates shall be constructed of plates that have been stamped. 

SECTION 4,430.—Every iron or steel plate used in the construction of steamboat 
boilers, which shall be subject to a tensile strain, shall be inspected . . . soasto- 
enable the inspectors to ascertain its tensile strength, homogeneousness, toughness and 
ability to withstand the effect of repeated heating and cooling. 

Rurk I, 3.—To ascertain the tensile strength and other qualities of steel plate there 
shall be taken from each sheet to be used in shell or other parts of boiler, which are 
subject to tensile strain, а test piece prepared in form according to the following dia- 
gram: 


The straight part in centre shall be 9 inches in length and 1 inch in width, marked 
with light prick punch marks at distances 1 inch apart, as shown spaced, so as to give 
8 inches in length. 

The sample must show when tested an elongation of at least 25 per cent. in a length 
of 2 inches for thickness up to М inch, inclusive; in a length of 4 inches for over M to 
7-16, inclusive; in a length of 6 inches for all plates over 7-16 inch thickness and under 
134 inch thickness. 

Ruts I, 6.—АП steel plate of 16 inch thickness and under shall show a contraction 
of area of not less than 50 per eent. Steel plate over X inch in thickness up to 34 
inch in thiekness sball show à reduction of not less than 45 per cent. All steel plate 
over 34 inch thickness and less than 134 inches thickness shall show a reduction of not 
less than 32.5 per cent. 

RuLEI.3.—The samples shall also be capable of being bent to a curve, of which the 
inner radius is not greater than one and a half times the thickness of the plates after 
having been heated uniformly to a low cherry red and quenched in water of 82 degrees 
Fahrenheit. 

No iron or steel plates stamped with a T. S. under 45,000 pounds will hereafter be 


_ allowed in the construction of a marine boiler in any of its parts 


And if the plates are found in accordance with the rules of the supervising inspec- 
65 
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For convenience of building, this material is arranged in 
numerous pieces, which are connected by joints to form the 
whole steam-tight structure. 


192. How are these joints formed P 


(т.) By lapping the single pieces over one another and se- 
curing them in place by rivets. 

(2. By butting them and arranging a common single ог 
double butt strap that covers the joint and is riveted® to both 
members. 

(3.) By welding the parts together at the butt, or by screw- 
ing or expanding one member into another, as practiced with 
the tubes. 


193. What styles of riveting are commonly used in joints 
of boilers 2" 


The riveting of joints is the most common style of connec- 


tors the assistant inspector shall stamp the same . . . ; and material so stamped 
shall be accepted by the local inspectors. . . . 

SECTION 4,431.—Every plate of boiler iron or steel made for use in the construction of 
steamboat boilers shall be distinctly and permanently stamped by the manufacturer 
thereof. . . . Every iron or steel plate intended for the construction of boilers to be 
used on steam vessels shall be stamped by the manufacturer in the following manner: 
At the diagonal corners, at a distance of about 4 inches from the edges, and at or near 
the centre of the plate, with the name of the manufacturer, the place where manufac- 
tured, and the number of pounds tensile strain that it will bear to the sectional square 
inch, 


(5.) Воље П, 3.—Where butt straps are used in the construction of marine boilers, 
the straps for single butt strapping shall in no case be less than the thickness of the 
shell plates; and where double butt straps are used the thickness of each shall in no case 
be less than five-eighths the thickness of the shell plates. 


(6. Rute I, 4.—The diameter of rivets, rivet holes, distance between centres of 
rivets and distance from centres of rivets to edge of lap for different thicknesses of 
plates for single and double riveting shall be determined by the rules of the British 
Board of Trade: 


Let Р = greatest pitch of rivets in inches, 
М = number of rivets іп one pitch. 
Ра = diagonal pitch in inches. 
а = diameter of rivets in inches, 
T = thickness of plate in inches. 
V. = distance between rows in inches. 
E — distance from edge of plate to centre of rivet in inches. 


To determine the pitch: 
: For steel plates and steel rivets. 
p.39 X d* X 7854 ча 
98 х7 
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tion, and may be arranged with one, two or three rows of 
rivets, according to the strength required in the joint. 

Single riveting is the weakest arrangement, and is used 
where relatively little strain comes on the joint; while double 
and triple riveting is used in all the joints that have to resist 
great strains. 


194. How are the holes for the rivets produced 2" 

The rivet holes in the boiler plates may be produced by 
punching. This is, however, considered undesirable. Drill- 
ing is the best modern practice and gives the strongest work. 


195. How are rivets driven ? 
Rivets are driven either by hand or by power. 
Power-driven rivets are considered superior on account of 
the greater closing pressure exercised. Hand-driven rivets 
have to be used in places inaccessible to a machine. 


196. Is the riveting sufficient for securing steam-tight 
work P 

No; riveting has to be supplemented by caulking to secure 

complete tightness. Caulking makes use of the quality of 

malleability of steel, that allows the metal of one part to be 


For distance from centre of rivet to edge of plate. 
зха 
В = 7 

For distance between rows of rivets. 


е У not less than 2а 
or V not less than 4d + 1 


2 
For double zigzag riveted joints. 


a У(ПР + 4d) (P + 4d) 


10 
Diagonal pitch for double zigzag riveted lap joint. 
6P + 4d 
Ра == xm: 


(7. ) Воље П, 2.—All boilers built for marine purposes shall be required to have the 
rivet holes in the shell, heads, steam and mud drums and all other parts (excepting for 
longitudinal and cireumferential seams in flues for same, 20 inches outside diameter 
and under) fairly drilled instead of punched. 
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driven into still closer contact with some other part by the 
blow of the caulking tool. 


197. Which joints are most severely strained ?* 


The longitudinal joints of the circular shells are the most 
strained, as they have to resist the whole steam pressure. 
The strain in the circumferential joints is never so severe, 


— ee А 
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Fra. 26.—Details of Riveting on Boiler Plates. А is the lap-riveted joint; B, the single 
butt-strap joint; C and D, details of riveting at corners, 


as the tubes and bracing take care of a large part of the press- 
ure, thereby relieving the joint materially. 


(8. SECTION 4,433.—The working steam pressure allowable on boilers constructed of 
plates inspected as required . . . , when single riveted, shall not produce a strain to 
exceed one-sixth of the tensile strength of the iron or steel plates of which such boilers 
are constructed, but where the longitudinal laps of the cylindrical parts of such boilers 
are double riveted, and the rivet holes for such boilers have been fairly drilled instead 
of punched, an addition of 20 per centum to the working pressure provided for single 


riveting may be allowed . . . ; and no split caulking shall in any case be permitted. 
Rute II, 3.—The pressure for any dimension of boilers . . . must be ascertained 


by the following rule, viz.: 

Multiply one-sixth (1-6) of the lowest tensile strength found stamped on any plate in 
the cylindrical shell by the thickness, expressed in inches or parts of an inch, of the 
thinnest plate in the same cylindrical shell and divide by the radius or half diameter, 
also expressed in inches, and the sum will be the pressure allowable per square inch 
.. . for single riveting. 
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198. Upon what does the arrangement of the parts in the 
boiler depend ? 

(1.) The arrangement of the plates depends principally 
upon the size, large sizes being difficult to manufacture. 

(2.) Questions of repair or replacement may make certain 
sizes desirable, as in tube-sheets, furnaces, etc. 

(3.) Sometimes the position of the joint decides, for reasons 
of accessibility or ready cleaning, etc. 


199. How are the corner joints made ? 

Corner joints are usually made by flanging one of the 
plates and lapping it to the other one. 

This is done in nearly all heads. 


200. What influence has the form of the pieces upon their 
fitness to resist the pressure of the steam ? 

The plates are arranged, as far as possible, in cylindrical 
form, since, where there is inside pressure, this is the only one 
that requires no additional reinforcement. 

Large cylindrical parts, with outside pressure, require some 
additional reinforcements; while flat surfaces, or those curved 
to less than a semi-circle, require that all their capacity of 
resistance be provided from the outside, as with the relatively 
light weight only a very small area is self-supporting. 


201. How is this additional strength provided ? 

For large cylindrical parts additional strength is provided 
by staying to the shell, or by concentric, circumferential 
stiffening rings, sometimes added as an independent piece, 
sometimes provided by corrugations in the sheet itself. 

For flat or nearly flat surfaces bracing is resorted to. Brac- 
ing consists in connecting different sections of the surface to 
rigid points, capable of bearing the load. 

This is done sometimes by connecting two opposite flat 
surfaces together, thus counteracting in each sheet the ten- 
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dency to bulge; sometimes by extending the braces to the 
shell and sometimes by hanging the sheet up to rigid girders 
that transfer the pressure to the corner plates. 


| И _____ 


Ета. 27.—Details of Three Types of Corrugation for the Shell of Cylindrical Boiler 
Furnace, 


202. How do openings affect the strength of the plates ? 


Openings weaken the plates and additional local strength 
must be provided, in some cases, by riveting reinforcing 
pieces around the openings; in others by flanging the edge of 
the opening inward. (See manholes.) , 


чи а-а, د‎ 
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203. What is the principal duty of the shell ? 


The shell provides the structural foundation of a fire-tube 
boiler, from which most of the other parts take their support. 
It must, at the same time, resist internally the pressure of the 
steam contained within it. It may have openings for man- 
holes, domes and fittings, and usually connects to the foun- 
' dation. 


204. What is the construction of the shell ?? 


The shell is built in one ог more courses, according to its 
length. Each course may, circumferentially, consist of one 
or more sheets, preferably only one, as joints are the 
weakest part, and have to stand, in this case, the whole 
strain of the steam pressure. Shell-plates are usually the 
heaviest plates, for large Scotch boilers and high pressures, 
running as¢high as 14 inches in thickness. 

For large work the longitudinal joints are, usually, triple 
riveted and double butt-strapped, and require great care in 
fitting, riveting and caulking. The circumferential seams are 
formed by one course lapping over the other, or over the 
heads. 


205. What is the principal duty of the heads ? 1° 

The heads close the ends of the boiler, and offer a support 
for the tubes and furnaces. 

Being flat, they have to be braced against the pressure, 


1 


(9.) SECTION 4,434.—No externally fired boiler, having its shell constructed of iron or 
steel plates exceeding an average thickness of 30-100 of an inch, shall be employed on any 
steam vessel navigating the Red River of the North or rivers flowing into the Gulf of 
Mexico or their tributaries. ; 


(10.) Есік П, 17.—All heads employed in the construction of cylindrical boilers for 
steamers navigating the Red River of the North and rivers whose waters flow into the 
Gulf of Mexico shall have a thickness of material as follows: 

For boilers having a diameter exceeding 32 inches and not exceeding 36 inches, not 
less than 1$ inch; for boilers exceeding 36 inches and not exceeding 40 inches in 
diameter, not less than 9-16 of an inch; for boilers exceeding 40 inches in diameter, 
not less than 1-16 of an inch additional thickness for every 8 inches additional diameter 
required for boiler 40 inches in diameter. Е 

And the heads of steam and mud drums of such boilers shall have а thickness of 
material of not less than 1$ inch. 


(9 QUESTIONS FOR MARINE ENGINEERS. 


where the tubes or furnaces do not fill this office. The heads 
support a large number of fittings and contain manholes, 
handholes and fire doors. 

206. How are the heads constructed 2 


The heads are made in one or more sheets, according to 
size. They are usually flanged around their edges for con- 


nection to the shell. 


Fie. 28.—Three Types of Furnace End. А is a flanged end; B, small end at front; С, 
large end at front, for making removal easy. 


207. What is the principal duty of the furnaces ? 


The principal duty of the furnaces is to provide a space for 
the combustion of the fuel; support the grates that carry the 
burning fuel, and provide a storage space for the ashes. 
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208. How are the furnaces built 2 


The furnaces take different forms:" 
(1.) In Scotch boilers they are usually circular, with corruga- 
tions, or stiffening rings riveted between short flanged pieces. 


(11.) Воље П, 14.— Corrugated furnace flues constructed with corrugations 8 inches 
from centre to centre, made of plates not less than 5-16 of ап inch thick when new, 
corrugated with practically true circles,shall be allowed a steam power according to 
the following formulas: 


15000 x rp — pressure in pounds. 
D 


and 14000 ХТ = pressure in pounds. 
D 


where T — thickness in inches. 
D — mean diameter in inches. 
The strength of ribbed flues, when used for furnaces or steam chimneys (rib projec- 
tions not less than 1% inches deep), and not more than 9 inches from centre to centre of 


ribs . . . and constructed of plates not less than 7-16 inch thick, with practically 
true circles . . . shall be calculated from the following formula: 
14000 X Т 
Pressure — == 


Where T = Thickness in inches. 
and D = diameter in inches. 


The thickness of both corrugated and ribbed flues shall be ascertained by requiring 
ће manufacturer to have said flue drilled for М inch gas pipe tap and filled with a 
screw plug that can be removed by the boiler inspector when making inspection of said 
poiler,and the pressure of steam allowed shall be determined by the thickness ascer- 
tained by inspection. Said hole shall be drilled at least as far as the fourth corrugation 
from the end of flue and in top of centre corrugation. 


Rowe II, 15.—When plain horizontal flues are made in sections of less than 8 feet in 
length, and flanged and substantially riveted together with wrought-iron rings between 
such flanges, . . . or, inlieu thereof, angle iron rings are employed and substantially 
riveted in position with wrought-iron thimbles between the inner surface of such ring 
and the outer surface of the flue, the distance between the flanges or the distance 
between such angle iron rings shall be taken as the length of the flue in determining the 
pressure allowable, which pressure shall be determined in accordance with the following 


formula: 
Шш Pressure— pact a 
Ер 
Where Т = thickness of flue in inches. 
L = length of section in feet. 
D = diameter of flue in inches. 


The steam pressure allowable and the thickness of material required for flues used 
as furnaces in vertical boilers, such furnace flues having a diameter of not more than 
42 inches and a length of not more than 40 inches, . . . shall be determined by the 
following formula, viz.: 

89600 X Т? 
хр 

АП vertical boiler furnaces constructed of wrought iron or steel plates, апа having 
a diameter of over 42 inches or a height of over 40 inches, and crown-sheets of flat-sided 
furnaces, if made with a radius of over 21 inches, . . . shall bé stayed . . . for 
flat surfaces. . . . 

And the thiekness of material required for the shells of such furnaces shall be 
determined by the distance between the centres of the stay-bolts in the furnace, and 
not in the shell of the boiler; and the steam pressure allowable shall be determined by 
the distance from centre of stay-bolts in the furnace and the diameter of such stay- 
bolts at the bottom of the thread. x 


Pressure — 
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A certain longitudinal elasticity, as provided by the corru- 
gation, is desirable to prevent excessive strain throug 
expansion. 

The ends extend into flanges of the heads, or are flanged 
themselves, being often arranged in such manner that fur- 
naces can be removed without disturbance of any other part. 

In vertical boilers the furnaces are plain, circular courses, 
concentric to the shell, and stayed to it. : 


Ета. 29.—Method of Removing a Cylindrical Furnace from its Place in the Boiler 
Structure, 


(2. In ес and locomotive boilers the furnace is box- 
shaped, surrounded by shell and heads and stayed thereto. 
It is usually built with top and side sheets and two heads, 
flanged at the edges. The bottom is made tight by fitting a 
solid, wrought-iron ring, or flanged plates, between the shell 
and the furnace sheets. 

The flat surfaces are stayed to shell and heads by numer- 
ous stays. These cramp the narrow space between the 
sheets, and make the so-called “legs” difficult to clean and 


repair. 
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Another difficulty is in the circulation through these legs, 
which is often not as active as is desirable. 

(3.) In Western river boilers the top of the furnace is formed 
by the shell of the boiler, while the sides and ends are built 
up in brick. 


209. What is the principal function of the combustion 
chamber 212 

As its name indicates, the combustion chamber is for pro- 

viding space for the combustion, to give the gases and air 

time and occasion to intermingle and unite. It also supports 

‘and connects the furnaces and tubes. 

Large space, in proximity to the furnace, is its first require- 
ment, to effect the combustion at as high a temperature as 
possible. 

In the vertical and locomotive boiler the combustion cham- 
ber is part of the furnace, which ought, in this case, to be as - 
high and roomy as possible. In the leg boiler the combustion 
chamber is sometimes divided into two chambers, with a series 
of large flues, as shown in Figs. 8 and 9. 

.In the Western river boiler the combustion chamber is 
formed by the passage on the outside of the shell. 


210. How is the combustion chamber built ? 


The combustion chamber is built in box form, with flat top, 
and ends and sides that follow the shape of the shell. 

It is most frequently divided into several parts, correspond- 
ing to the number of the furnaces, by narrow water-spaces. A 
large number of stay-bolts connect these several divisions 
together, as well as support them from the shell and back 
head. The front head of the chamber connects to, and is 


(12.) Есік II, 15.—All cylindrical shells of back connections having a radius of over 


21inches shall be stayed . . . for flat surfaces. 5 2 
But the cylindrical shell or bottom of back connections may be stiffened by angles 


or tees secured with rivets. 
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held in position by, furnaces or flues, and, in the upper part, | 
by the tubes. : 
The tops, if flat, are stayed to the shell, or have шае- 
pendent girders, strong enough to transfer the bending strain 
to the rigid corners. The tops round up sometimes from the 
back of the chamber, with independent girders, or stays, to” 
the boiler back head. 4 
All the water-spaces should be large enough to allow clean- 
ing, as well as to provide an active circulation of the water 
through them. Е 


211. What is the duty of the tubes > | 


The tubes connect the combustion chamber with the up- | 
take in such form as to provide the greatest amount of heat- | 
absorbing surface. 


212. How are the tubes constructed” and fastened ? : 
For the purpose of heat-absorption, the diameter should be аз. 
small as possible. There is a limit, however, as when it is” 


too small there is danger of choking by cinders, soot, etc. In. 


(13.) Воље II, 8.—A table includes dimension of riveted and lap-welded flues, requir- - 
ing for | 
5 6" to 10" diameter, a length of section of 5 feet. | 
10" to 23'' diameter, a length of section of 3 feet. | 
23" to 40" diameter, а length of section of 30 inches. | 
And requiring for 
6” to 10” diameter, a thickness of .18 to .27 inches. у 
10" to 23" diameter, a thickness of .22 to .43 inches. Ў 
28" to 40” diameter, a thickness of .34 to .60 inches. 
And allowing a pressure for 
6” to 10” diameter of 174 to 204 pounds. { 
10" to 23" diameter of 122 to 211 pounds. 

23” to 40” diameter of 107 to 157 pounds. { 
Lap-welded flues under 6 inches shall not exceed 225 pounds, but may be maae in 

any length. Under 16 inches shall not exceed 60 pounds, and shall not exceed 18 feet | 
continuous length; under 16 inches shall not exceed 120 pounds, and shall not exceed 18 © 

feet total length in sections not exceeding 5 feet length. Such flues may have thickness | 


f 


of ] 
linch = .072 inch 
2 inches — .095 inch 4 
3 inches = .109 шев * 1 
4 inches — 184 inch 1 
6 inches — .165 inch 
10 inches = .208 inch 
16 inches — .270 inch 
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pacing the tubes enough room should ђе left between them 
yr rapid and efficient circulation of the water. 

Their size ranges from 2 inches diameter up to 4 inches 
iameter, with a space of I to 11 inches between them. А 
pecial style of tubes are the large flues, as fitted in Western 
ver steamers, which range from 10 to 16 inches in diam- 
бегі“ То increase the heat-absorbing capacity of the tubes, 
iternal ribs are sometimes rolled into them, or spiral strips 
f thin sheet steel, so-called retarders, are laid into them, that 
ompel the gases to touch the walls of the tubes more inti- 
jately. By the possibility of removal the re- 
wders offer no obstacle to tube-sweeping, 
hile both types improve the economy, par- 
cularly with forced draft. 

The joints of the tubes in the tube-sheets 
re made by plain expanding, by expanding 
nd beading or by screwing. 

Screwing is done with a limited number of 
xtra heavy tubes, that act as stays to sup- 
ort the tube-sheets. In this case the rest of 
ie tubes need only plain expanding. кз Сенен 


A is the tube-sheet; 
If no screw-tubes are fitted the support of в, tne tae, CK 


ie tube-sheets falls on all the tubes, and и. 
iey are then beaded over at their ends to Pins of tube. 
revent slipping out of the sheets. The outer end of the tube 
usually swelled up a little, to facilitate both fitting and 
moval. 
Perfect ЋЕ of the tubes in the plate is often hard to retain, 
5 the joints may become leaky, when the tubes expand more 
јап the surrounding parts of the boiler. 


Particularly under forced draft great inconvenience from 
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(14. SECTION 4,434.—No externally fired boiler employed оп any steam vessel navi- 
ting . . . rivers flowing into the Gulf of Mexico . . . shall have less than 3 
ches space between its shell and any of its internal flues, and not less than 3 inches 
ace between such flues, when any of such flues are more than 5 inches diameter. 
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the leakage of the tube-joints is experienced in both th 
Scotch and locomotive boilers. | 

The tube-plate and tube ends seem to get overheated b 
lack of sufficient water circulation near the sheet. 

To prevent the overheating of the tube ends, зо-саПе‹ 
ferrules of cast iron are fitted that seem to improve the condi 
tion somewhat. 

The expanding is usually done by roller expanders, whil 
for beading a sort of caulking tool is used. 

The tubes are now manufactured generally in two way 
viz.: welding from wrought-iron sheets, or drawing solid fro 
a steel billet. The second is the later and better practic 
but wrought-iron welded tubes are still used toa consider 
able extent. 


213. What is the duty of the uptake 2 

The uptake collects the gases from the tubes of one o 
more boilers for delivery to the funnel. It may be a structur 
independent of the boiler or an integral part of it, as fre 
quently found in leg boilers. 


214. How is the uptake constructed ? 
The independent, or dry, uptake is usually a box built up 
from plates and angles. It may be of light material, as it is 
exposed to no pressure. Dy double sheets, frequently, an air 
space is arranged, to prevent too high a radiation of the heat 
of the gases into the fire room. 
Large doors are provided in the front of the uptake, for 
easy access to the tubes, for cleaning and inspection. 
The wet uptake’ is found in vertical boilers in form of а 


(15. Вот II,18.—Vertieal tubular boilers shall not be used on steamers navigating 
the Red River of the North or rivers flowing into the Gulf of Mexico unless the water 
line is 2 inches above the upper end of the tubes and fire line, 

Rute II, 15.— Where steam chambers are formed in vertical boilers at tne upper end 
thereof by à sheet in the form of a cone between the upper tube sheet and upper head 
of such boiler, the pressure allowed shall be determined by the diameter of such сопе at 
the central point between the tube sheet and upper head of such boiler. ‚ . ,. 
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cone between the upper tube sheet and the top head, and in 
leg boilers in a shape that varies from box form to cylindrical 
form. The cylinder is constructed in courses, and extends 
upward, forming the inside lining of the superheater, being 
Stayed in all surfaces to the nearest members. 

A recess formed from the front head affords access to the 
tubes for cleaning and inspection, being closed by doors, to 
prevent the escape of the gases into the fire-room. 


Fig. 31.—Details of Superheater, as described in Section 216, 


215. What is the duty of the superheater 2 

The superheater is provided for the purpose of drying the 
team and evaporating any water that may be carried into 
he steam by foaming in the boiler. In the present state of 
oiler construction it is frequently omitted. 


The lining of flue in steam -chimneys or superheaters subjeet to external pressure 
hall be constructed as follows: 

Plates under 30*inches shall be at least 5-16 тећ thick. 

Plates 30 to under 45 inches shall be at least 36 inch thick. 


Plates 75 to under 85 inches shall be at least 58 inch thick, continuing to increase 
16 inch in thiekness for every 10 inches increase of diameter. > 

The linings of flues shall be braced with socket bolts for salt and fresh water service 
r with angle rings connected to outer shell by plate braces for fresh water service, 
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|216. Ном is the superheater constructed 2 

The superheater is best known in connection with the leg 
boiler, where it takes the form of a large dome, in direct 
communication with the steam space. On certain boilers it 
lis constructed as an independent body connected to the 
boiler by pipes. 
|. Its form is cylindrical, with heads for the ends, flanged to 
|receive the liner tube of the uptake. The shell is executed in 
|courses, riveted similar to the boiler shell. 


|217. What use is made of steam domes and steam and 
| mud drums 215 


Steam domes and steam drums afford a collecting space 


|carried up by priming. 

Their use is decreasing, as an internal “dry pipe" per- 
forms the service, apparently, equally as well. They are 
constructed in cylindrical form, with flanged heads and con- 
nections to the boiler shell. 
| Mud drums are found in such types of boilers as use water 
containing a large amount of impurities; their construction is 
similar to that of steam drums. 


218. What are the uses of manholes and handholes 2!" 
‚ 'Manholes and handholes are provided for entering, clean- 


(16.) Ruye II, 17.—Pressure allowed on bumped heads: Multiply the thickness of the 
late by one-sixth of the tensile strength and divide by one-half of the radius to which 
ead is bumped, which will give the pressure per square inch allowed. 

. . . Pressure allowable for concave heads: Multiply the pressure allowable for 

bumped heads by the constant .6. 
j The pressure on unstayed flat heads, . . . made of wrought iron, or steel or of 
east steel, shall be determined by the following rule: 

'The thickness of plate multiplied by one-sixth of its tensible strength, divided by the 
area of the head in square inches, multiplied by .09, will give pressure per square inch 
allowed. 

Вог II, 38.—No connection between shell of boiler and mud drum shall exceed 9 
inches in diameter, and the flange of the mud drum leg shall consist of an equal amount 
of material to that cut out of the shell of boiler. 


(17.) SECTION 4,434.—Every externally fired boiler employed on any steam vessels 
navigating rivers flowing intothe Gulf of Mexico shall be provided with a manhole in 
the lower part of the front thereof . . . inall cases where the distance between its 
internal flues is less than 3 inches. 
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ing and inspecting the interior of the boiler. They are situ- 
ated in the shell and heads, and should interfere as little as 
possible with the efficient staying of the boiler, while still allow- 
ing access to all surfaces that might be covered with scale. 

The minimum size of manholes is ІІ x 15 inches, except іп. 
special cases. They are usually oval or elliptical in shape, 
in order to allow the cover to be fitted on the inside of the 
sheet and held down by the pressure of the steam. 


Ето. 84.—Several Methods of Bracing Boiler Plates by Rods Attached to Plate by T-pieces 
or Double Nuts. 


The reinforcing ring or flange has a planed edge, on which 
the cover rests, with some packing between them. The 
covers require only one or two wrought steel dogs and heavy 


Rute II, 21.—All manholes for the shell of boilers over 40 inches in diameter . . . 
shall have an opening not less than 11 by 15 inches in the clear, . . . boilers 40 inches 
and under shall have not less than 9 by 15 inches in the clear. Manhole openings in 
front head of externally fired boilers under the flues, as per section 4,434, shall be not 
less than 8 by 12 inches in the clear. 

Котя П, 38.—When holes exceeding six inches are Cut in boilers for pipe connec- 
tions, man or hand hole plates, such holes shall be reinforced by plates or rings of a sec- 
tion equal to the amount of materlal cut from flat surfaces and equal to the material 
cut from the longitudinal section of circumferential plates. . . . When holes are 
flanged inwards not less than 116 inches the reinforcing сап be dispensed with. 


CONSTRUCTION OF FIRE-TUBE BOILERS. 85 


bolts, to be secured in place. The body of the cover is made 
of cast iron or stamped steel. 


219. What 1$ the duty of the lagging 2 

The lagging is applied to the outside of the shell and some 
parts of the heads to prevent escape of heat by radiation. 

For fire-tube boilers it is usually composed of felt, of 
asbestos fiber or of mineral wool, in which materials the 
qualities of non-construction, of imperishability, and of non- 
inflammability should have due consideration. 


Ета. 35.—Boiler Bracing, A, stay bolts connected to plates; B, details of bracing. 
| 

Sometimes a frame is strapped to the boiler, that provides 
small squares for the support of the lagging in form of paste 
or cement, which are afterwards covered with thin sheet iron. 
This form allows great convenience in replacing and handling 
whenever necessary. 


220. What are the methods of bracing and staying ? 
(r.) Independent bracing, where the brace connects to the 
supported surface only. 


(18) Есік IX, 7.—Local inspectors, at their annual inspections of steam boilers, 
shall remove from the surface of boilers so much of said covering as may be necessary 
to enable them to examine parts of the boilers, 
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(2.) Connecting bracing, where the brace supports the sur- 
face by connecting to an outside point. 


221. What are the common forms of independent bracing ? 

(1.) On large, cylindrical surfaces, with outside pressure, in- 
dependent, circumferential stiffening rings provide the needed 
strength against collapse in a longitudinal direction. They 
are spaced at short intervals, which in modern furnaces of the 
Scotch boiler type take the shape of continuous corrugations, 


Ета. 36.—Details of the Stay Connections of a Boiler Shell. 


Older forms show ‘structures, built up from short flanged 
cylinders, with stiffening rings riveted between the flanges, 
or have angle, or half round, iron rings, around a continuous 
smooth plate flue, separated from it by short nipples, for 
allowing water circulation under the rings. 

(2.) On flat surfaces the independent bracing is provided by 
girders ог crown-bars? that transfer the bending strain to the 


(19.) Rowe II, 15.—Formula for crown bars over back connections and furnaces: 
ox axi 
(W—P) X DXL 
Where W — width of combustion box in inches. 
P — pitch of supporting bolts in ches. 
D — distance C to C in inches. 
L = length of girder in feet. 
а = depth of girder in inches, 
С = 550, if one bolt in girder, 
C = 825, if two or three bolts in girder, 
С = 935, if four bolts in girder. 


Working pressure= 


Le 


_— дікі 38 
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rigid edges of the sheets. It is, for this reason, applied only 
to narrow surfaces, as on wide surfaces the girders would 
become too heavy to do the work effectively. The plate is 
hung up to a series of these girders, in regular intervals, by 
-bolts screwed into the plate. The girders rest, by close- 
fitting feet, on the edge of the plate or heads, allowing the 
water to circulate underneath them, over the plate. 

Generally the girders are arranged in pairs, spaced rigidly 
by rivets, to allow one set of bolts to pass up between them. 
The girders must be made with the necessary depth and 
thickness, to prevent any deflection of the surface they sup- 


port. 


222. What аге the common forms of connecting bracing 2% 
Connecting bracing is done by rods or plates that rigidly 


(20.) Есік. П, 5.— Where flat surfaces exist the inspector must satisfy himself that 
thespacing . . . of the bracing . . . is so arranged that all will be of not less 
strength than the shell. 

Rute II, 6.—No braces shall be allowed a greater strain than 6.000 pounds per square 
inch of section, and no screw stay-bolt shall be allowed in boilers in which salt water is 
used unless protected by a socket. But such screw stay-bolts may be used when drilled 
at each end with a hole when fresh wateris used. . . . 

No brace used in a marine boiler will be allowed more than 10% inches from C to C to 
brace flat surfaces. 

rM surfaces in heads of boilers may be stiffened with doubling plates, ties and 
angles. 

The working pressure allowed on flat surfaces fitted with screw stay-bolts or plain 
bolt and socket will be determined by the following rule: 

2 
Working pressure == — 


T = Thickness of plate т 1-16 of 1 inch. 

P = Pitch of braces in inches. 

C = Constant of 112 for plates 7-16 inch and under. 
С = Constant of 120 for plates above 7-16 inch. 

There may be used stay-bolts threaded, having nuts on inside and outside, when 
C = 140 in above formula. 

Flat boiler heads, when braced with bolts having double nuts and a washer at least 
one-half the thickness of the plate riveted to head of a size equal to seven-eighths of the 
pitch of stay-bolts, shall be allowed a constant of 200. 

The pressure allowed to be computed from 80 per cent. of combined thickness of 
plate aoe washer. 

Plates fitted with double angle irons would be allowed constant of 200. 

But no flat surface shall be unsupported at a greater distance than 16 inches. 

Rute П, 7.—Steel stay-bolts of 114 inches, and not exceeding 24 inches diameter, at 
bottom of thread, may be allowed 8,000 pounds per square inch. Steelstay-bolts exceed- 
ing 244 inches may be allowed 9,000 pounds. 

Any steel brace, prepared at one heat from a solid piece of plate, with an area from 
1.227 to 5 inches, may be allowed 7,000 pounds; over 5 square inches may be allowed 8,000 

ounds, АП steel bars for stay-bolts exceeding a strain of 6,000 pounds shall be tested in 
he following manner: Inspectors shall bend one end of such bar cold, without breaking, 
to a curve, the inner radius of which is equal to one and a half times the diameter of 


the bar. 


86 QUESTIONS FOR MARINE ENGINEERS. 


unite the two surfaces, and prevent their movement in the line 
of the pressure. The distinction of forms is in the manner of 
the attachment of the brace to the surfaces. 

The attachment may be made by: 

(1) Threaded ends of the brace that screw through the 
plate and are provided, either with nuts on outside only or 
with nuts on both inside and outside, or with heads riveted 
over, to secure substantial tightness and rigidity. 


: 
| 


їо. 37.—Details of Corner Angles or T-braces of Boiler Plates. 


These screw-ends, as used in the main braces, are ens | 
bars that support generally the main heads. 

To concentrate the bracing into as few main braces as | 
possible, for sake of accessibility, stiffening is applied to the 
heads, in form of large, heavy washers or T-bars, that help | 
to distribute the support over a large surface. 

Around the manholes these heavy braces sometimes ex-B 
tend only from the head to the side of the shell, where they 
are held by riveted palms. 

Screwed ends are most frequently used in the stays ofthe nar- | 
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row water-spaces of the furnace legs and around the combustion 
chambers, either with nuts on the outside of each end, or 
with heads riveted over. These stay-bolts, in the most mod- 
ern practice, are hollow through all or a part of their length, 
in order that escaping steam may give an indication of pos- 
sible corrosion or breaking of the bolt. An older form is the 
socket bolt, a rivet passing through a thimble, that preserves 
the right spacing of the sheets and protects the bolt against 
corrosion. 

(2.) Palms on the end of the brace that are riveted to the 
plate. The braces may be solid rods with forged palms, or 
plates, in special flanged form, or plate gussets connected by 
angle irons. 

For long members the ends are frequently formed sepa- 
rately, two palms being connected together into a so-called 
“ crowfoot,” which is attached by a bolt to the forked end of 
the long bar. This gives also convenience for removal and 
repair of the long bolts, without disturbing the riveting in the 
crowfoot. 


CHAPTER, ЛОН. 
DETAILS OF CONSTRUCTION: WATER-TUBE BOILERS. 


223. Of what materials" аге water-tube boilers con- 
structed 2 

Water-tube boilers are mainly constructed of wrought steel, 
In some boilers tubes of copper have been tried, but these 
have been practically abandoned, as being too easily affected 
by high temperatures, which seriously impair their strength. | 
In some constructions the headers and pipe fittings are made 
of cast steel. 

For the bottom drums, tubes, down-comers гпа headers ol 
some models of water-tube boiler standard wrought-iron gas 
pipe is used. 

224. How are the joints made in water-tube boilers 2 = 

The joints in the drums are either riveted longitudinally and 
at the flanged heads, or welded, this latter process having 
found increasing favor in modern practice. The connections 
of down-comers are made by riveted flanges or screwed con- 
nections. 


{21.) Rue II, 39 —The use of cast steel manifolds, tees, return bends or elbows in the 
constr uction of pipe generators shall be allowed. . 

Seamless copper and brass tubes, not exceeding 34 inch in diameter, may be used 
in water-tube boilers when liquid fuel is used. 

There may also be used copper or brass steam drums, not exceeding 14 inches 
diameter, not less than 5 inch thick, and 12 inches di: ameter and under, not less than 
1$ inch thick. 

All the tubes and drums shall be drawn from ingots without a seam, 


(22.) Воље II, 39.—All drums attached to water tube boilers shall be required to have 
heads of wrought iron or steel or cast steel flanged and riveted, or secured by bolts, 
where the diameter exceeds 6 inches. 

Steam drums, not exceeding 15 inches diameter, may be used, when heads are of 
malleable iron or cast steel, with U.S. thread, eight to the inch, 1 inch long on the out- 
side of such drum; the end of the shell screwed against a packing; provided such | 
steam drums are not in contact with the heat or gases. 

Drums with bumped heads, any opening in shell or heads reinforeed, circumferential 
and horizontal seams welded and annealed, may be used. 
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The tubes are either expanded or screwed into the tube- 
sheets, headers or chambers. 


225. Is the form of the members of water-tube boilers such 
that additional strength is required for resisting the 
steam pressure ? 


. The form of most members of water-tube boilers is cylin- 
drical, with inside pressure, additional strength being needed 
only in some heads and in a few flat-sided water-chambers. 

Heads are stayed, in manner similar to those of fire-tube 
boilers, with braces, or they are constructed as bumped heads, 
where they may require no additional strength. Some forms 
of headers are flat-sided, but only in narrow surfaces of suffi- 
cient thickness to be self-supporting. Around openings 
additional strength must be provided by reinforcing rings or 
flanges, similar to those ih the fire-tube boilers. Where the 
tubes are expanded directly into the drums the sheet receiv- 
ing them is usually made somewhat heavier, partly to provide 
additional strength and partly to allow additional bearing 
surface for expanding the tube-end. 


226. What are the use and construction of the drums ? 


The top drum is made large enough to allow substantial 
fastening of all the tubes or headers. 

Its capacity must be sufficient to allow a broad water- 
surface and as large a steam-space as possible. It should 
provide convenient positions for the fittings, manholes, etc., 
and be of sufficient diameter for efficient work of tube- 
expanding. 

The bottom drums are often whole, flattened or half- 
cylinders for support of tubes or headers. 

Some are quite small in diameter, principally with screwed 
joints, while others are large enough for access of workmen 
to do tube-expanding and cleaning. 
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227. What are the use and construction of the headers and 
water chambers ? | 

The headers and water chambers are intended to secure 
quick discharge of the steam into the top drum from horizon- 
tal or slightly inclined tubes. 

The headers unite a vertical row of tubes into one element, 
an arrangement convenient for replacing or plugging with 
leaky tubes. 

The headers are round or square channels, with separate 
outlet or inlet, and are constructed in either wrought or cast 
steel. 

The water-chambers, with their flat sides, lack the strength 
of the headers, and, therefore, must receive a large number of 
stay-bolts to keep their shape. 

The outside face of the headers and chambers is usually 
provided with handholes, opposite to each tube opening, so as 
to afford good facility for cleaning, removing and replacing any 
straight tube, without disturbing any other member. 

The great number of joints that have to be kept tight is, 
however, an inconvenience to the engineer. А special form | 
of the water-chamber is the double chamber, usually con- 
nected with the double tube arrangement. In this chamber 
the outside part is devoted to the down-flow, while the in- 
side part is devoted to the up-flow of the water or steam. 


228. What are the use, construction and arrangement of 
the tubes and down-comers ? 

The tubes in a water-tube boiler provide the upward pas- 
sage for the water at the time of heat absorption, while their 
position, in addition to baffle-plates, determines, in several 
types, the course of the gases to the stack. According to 
their form, as straight or bent tubes, they are frequently of. 
solid drawn steel for the bent form, while lap-welded wrought 
iron is often chosen for the straight ones. | 
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Their dimensions vary from 1 to 4 inches in diameter, while 
the thickness of their walls may range from + to 1 inch. 

The straight tube boilers are usually arranged so that they 
may be inspected and cleaned internally, while most bent 
tube boilers do not allow of much inspection. The external 
cleaning is rather difficult, as the space is somewhat cramped. 

The tubes of small thickness are sometimes galvanized on 
the outside, to secure greater immunity against corrosion. 

The bent tubes lend themselves readily to the formation of 
gas passages by their arrangement in closely fitting, solid rows. 

The double tube types have the heated tube open only at the 
end connected to the water chamber, while the other is 
closed by a cleaning plug. 

They need, therefore, an inner tube in order to permit cir- 
culation of the water throughout the entire length. 

Their fastening, in the double chambers, is made by coned, 
or screwed, joints. 

The down-comers are principally for the purpose of afford- 
ing the downward path in the circulation of the water. 

They are usually tubes of large diameter, more or less 
directly connecting top and bottom drums. 

In some boilers they are very important members, as in- 
suring the support of the top drum and preserving the rigidity 
of the whole boiler structure. 

In other boilers the regular down-comers are omitted, some 
of the heating tubes doing duty in their stead. 


229. What is the use and construction of the casing ? 

The casing has the important duty of concentrating the 
effect of the fire upon the tubes. 

It should possess, for this purpose, the least capacity for 
radiation and conduction of heat, which is realized in greater 
or less degree in the different constructions by dead air 
spaces, or lining with asbestos, fire brick, etc. 
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The lining of the casing has to serve the same purpose as 
the lagging on fire-tube boilers, being frequently a simple 
structural member, for the support of the top drums, tube 
ends, etc. It is constructed usually in parts, easily removed 
for cleaning the interior space, which are formed from light 
steel sheets and angles, lined by the respective non-conduc- 
tor in one or more thicknesses, connected by bolts. | 

The lower parts of the casing around the grate are usually 
set with firebrick, as the only substance able to withstand the 
intense direct heat of the fire. Fire doors, ash-pit doors, stack 
connections and cleaning openings are arranged in the casing 
in substantial and air-tight manner. 


230. What are the use and construction of the boiler 
saddles P | 


Boiler saddles support the boiler, so that it cannot be dis- 
placed by the movements of the ship, and at the same time 
distribute the concentrated weight of the boiler and its water 
over a broad surface through the numerous members of the _ 
hull structure. Particularly in shallow wooden ships, provi- 
sion has to be made for this by the arrangement of substantial | 
keelsons and girders. 

The saddles consist generally of two or more cast or. 
wrought iron girders, which may be arranged transversely, as | 
in Scotch and leg boilers, or, longitudinally, as in some forms 
of water-tube boilers. The saddles are fitted to the form of the 
shell or legs, either directly, as with angle irons, or with cement 
or putty filling the interstices, as with cast-iron saddles. Legs 
with bolt connections are used for securing the boilers to 
their seats in some constructions, while with others, straps or 
stays with turnbuckles. To prevent a sliding in the longi- 
tudinal direction, chock pieces in form of brackets are fitted 
to one end of the boiler. The other end is left free to expand 
or contract under varying temperatures. | 
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Fie, 38—Diagrammatic Section of a Type of Water-tube Boiler. This boiler consists of 


an elongated steam drum above the furnace space, connected by rows of slightly 
curved inclined tubes to two lower drums, or headers. 


The rows of inclined tubes, 
instead of being straight, as in the Yarrow boiler, are slightly curved, the variations 
of eurvature being shown by the dotted extensions through the upper steam drum. 
'This feature greatly increases the activity and efficiency of the circulation. 


САНАР ЕЕК 


OPERATIVE DETAILS OF MARINE BOILERS HAVING TO DO 
WITH FUEL AND FIRE GASES, 


231. Is there any difference in details of operation between 
fire-tube and water-tube boilers 2 

Not materially, since in both boilers the same operative ele- | 

ments are present. 


232. What are the operative elements in marine boilers ? 
The operation of marine boilers concerns: 
(a) Fuel and fire-gases; (6) water; (с) steam. 


233. What details of construction concern the fuel and the 
fire gases 2 
(1.) Fire-door, furnace-front and ash-pit door. 
(2.) Grate and grate-bearers, ash pan and bridge wall. 
(3.) Uptake, smoke boxes and smoke-stack. 


234. How are the furnace fronts and doors constructed 
and what аге their uses 2 | 
In certain types of boiler the furnace fronts аге tightly 
fitted to prevent the gases from escaping into the fire-room, 
serving at the same time for support of the doors and forward 
ends of the grates. | 
These fronts аге made of wrought or cast топ and are fitted 
and bolted to the furnace opening. They are in double thick- 
ness, with an air-space between them that serves the purpose 
` of reducing the radiation of heat. The inner опе is usually 
fitted so that it can be easily replaced, as it burns out rapidly 
under the direct heat of the fire. 


In some boilers the lower edge ofthe furnace front extends 
; 94 
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та. 39.—Scotch Boiler and Attachments, as Placed in the Ship. The parts shown are: 
The furnaces (1); the uptake and smoke boxes (2); steam gauges (3); safety valve (4); 
stop valve (5); water gauge (6); test cocks (7); feed checks (8); salinometer cock (9); 
bottom blow (10); surface blow (11); manholes (12); superheater (13), 
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inward with a sort of shelf, the so-called dead-plate, which 
gives support to the forward ends of the grate. F 
Besides the opening for the door and hinge-lugs to fasten 
it, there are usually a number of holes, in both thicknesses of 
the front, to allow a certain amount of air to enter the fur- 
nace, partly for cooling the front, partly to assist the combus- 
tion. { 
In certain forms of ash-pit forced draft the space in the 
furnace front is used for the inlet of the. air, and the front, in 


Fie. 40.—Section Through the Furnace and Combustion Space of a Scotch Boiler. 


this case, is cast as а hollow body extending also over the 
opening of the ash-pit. 

The fire-doors serve the purpose of supplying fresh fuel to 
the fire, as wellas regulating the uniformity and complete- 
ness of the combustion. They should be large enough to 
perform this work successfully and in the shortest time, as 
the open fire-door always allows a large volume of cold air to 
enter into the furnace, thereby materially reducing the tem- 
perature of the fire as well as straining the boiler. АП the 
different forms of fire-doors have the one object of doing the 
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work quickly. Some swing, for this purpose, horizontally in 
one or two parts, while others swing vertically with counter 
weights or rachet-stops, to keep them balanced or open. A 
fastening, or stop, is nearly always provided to keep the 
door in fixed position, even while the ship rolls in a sea- 
Way. 
Fire-doors are nearly always made with double thickness, 
with a removable inner-plate that takes the brunt of the fur- 
nace heat. Both plates are usually perforated to allow a 
small amount of air to enter above the fire. 

Ash-pit doors serve the purpose of regulating the draft to 
the under side of the grate. Not being exposed to any direct 
radiating heat, they are usually made of a single thickness 
of sheet steel. They are removable, and swing on horizontal 
round iron bars that allow them to be kept open at any de- 
sired degree between the extreme positions. The round bars 
restin strong lugs on each side of the opening, and serve also 
for the support of the heavy firing tools that are used for the 
cleaning of the fires from the under side of the grate. 


235. What are the use and construction of the grate and 
grate bearers? — 

The grate is constructed for the support of the burning 
fuel. It must be strong in order to support the weight and be 
sufficiently durable to stand the heat of the burning fuel. It 
must let in from below the necessary supply of air for the com- 
bustion in uniformly distributed quantity, and for this purpose 
is composed of a large number of long bars of wrought or cast 
iron, arranged into the form of a gridiron. The bars are fixed 
at regular spaces, leaving narrow slits of the required width 
between them. With cast-iron bars this form is secured by 
lugs cast on, while with wrought-iron bars the spacing is 
secured by distance pieces riveted or bolted between them or 
by groovesin the bearers. 
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With deep grates the bars must be made heavy and deep 
in the flange in order to prevent bending, and for this reason 
a sub-division in two or even three parts is frequently made. 
These several sections are supported at their ends by special 
bearers, running across beneath the grate. Under the heat of 
the fire the bars expand longitudinally quite perceptibly; | 
consequently they should fit with sufficient clearance to allow 
this action, or should leave one end of each bar supported on 
an incline. 


| 
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Fie 41. Two Styles of Grate Bars Used in the Furnaces of Marine Boilers. А is a 
cast-iron grate, with lugs for spacing; B, a wrought-iron grate, with thimbles | 
between bars. 


Bearer bars should be sufficiently strong to carry the 
heaviest possible load without deflection. They find their 
support, in turn, from strong lugs on the side of the furnace. 

The support of the grate-bars on the front is sometimes 
provided by the dead plate of the furnace front, while the rear 
end rests on the bridge-wall structure, or on bearers, as the 
construction of the boiler demands. The bridge wall, when 
fitted, separates the furnace from the combustion chamber, | 
and offers above it only a contracted opening that seems to | 


| 
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produce a more direct contact and intermingling of gases and 
air for completer combustion. | 

The bridge-wall structure below the grates is air-tight, and 
prevents the air in the ash-pit from entering into the combus- 
tion chamber. For certain forms of boilers a special recepta- 
cle for the ashes and clinkers has to be provided in the bot- 
tom of the ash-pit. 

This is the ash-pan, usually riveted together from light 
steel plates and angles, well fitted to the side and back of the 
ash-pit and sloping up in the front, to the fire-room floor for 
convenience in removing the ashes. 


236. What are the use and construction of the smoke- 
boxes and smoke-stack ? 

The smoke-boxes are an extension of the uptake and lead 
the hot gases to the stack. 

With several boilers discharging into one stack, the smoke- 
boxes are necessarily made in complicated form for securing 
a good, easy lead of the gases, while offering the least resistance 
to their passage. 

They are usually constructed of light steel plates and angles 
in double thickness, with dead air-space between, or are 
covered with insulating material to keep the radiation of heat 
into the fire-room as slight as possible. 
` With certain systems of forced draft they are used for ac- 
'commodation of superheaters, or air-heaters, or hot-air ex- 
haust fans. They are sometimes provided with dampers for 
allowing regulation of the draft power of the smoke-stack in 
its effect upon the particular boiler used. Frequently special 
supports are needed for holding up the smoke-boxes. Care- 
ful allowance of expansion should always be made in these 
supports. 
` The smoke-stack provides for carrying off the gases into 
the outside air. With forced draftit need be no higher than is 
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Fra. 42.—Furnace Fittings for the Howden Draft. The parts shown are: handle to move 
sliding gate, and admit air above the grate (1); sliding gate (2); handles to the butter- 
fly valve admitting hot air to the ash pit (3); ash-pit door (4); furnace door (5); latch 
to keep furnace door open while firing (6); dead-plate (7); grate bars (8); side plate 
with fire-brick filling to make air-tight joint (9); bridge wall (10). 
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esirable for appearance of the ship, but with natural draft a 
igh stack increases the draft in the boiler. Stacks are con- 
tructed with round or elliptical section, generally in two thick- 
esses, which have an air-space between them. By allowing 
the air from the fire-room to circulate through this space the 
utside shell is kept cool, and with the assistance of paint can 
iore readily withstand atmospheric action. 

With heavy stacks provision is made to support their weight 
rom the decks, when a suitable expansion connection has to 
e made to the smoke-box. The stack is held in place Бу 
uys, running from the deck nearly to the top of the stack. 
On firing up, with consequent expansion of the stack, they 
have to be adjusted to hold the stack without straining. 

The opening of the stack in wooden top decks is usually 
made with large clearance, the edges of which have a high 
гоп coaming. Тһе coaming is overlapped by а conical um- 
brella, fitting tightly around the outer stack to prevent rain 
from entering the opening. At the top of the stack are eye- 
bolts to allow access for painting or repairs. 

Frequently provision is, made for a cover, or hood, over the 
top of the stack, to prevent rain from entering the top in times 
of laying up. 


НАРТ ЕКЕ БҮ 


OPERATIVE APPLIANCES OF STEAM BOILERS HAVING TO DO 
WITH THE STEAM. 


237. What are the appliances that concern the steam ? 
(1.) Steam-gauge. 
(2.) Safety-valve. 
(3.) Stop-valve and whistle, or syren-valve. 


Ета. 43. 


Fic. 43.—Single-tube Steam-gauge. 
Ета. 44.—Double-tube Steam-gauge 


238. What are the use and construction of the steam- 
gauge ? ? 

The steam-gauge indicates the pressure of the steam іп the. 

boiler above the atmospheric pressure expressed in pounds 

persquare inch. Two styles of gauges are in use, one ет- 


(23.) Rule П, 30.—All boilers or sets of boilers shall have attached to them at least 
one gauge that will correctly indicate a pressure equal to 80 per cent. of the hydrostatic 
pressure. | 

Воље II, 33.—In applying the hydrostatic test to boilers with а steam chimney the 
test gauge should ђе applied to the water line of such boilers, | 
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ploying a single curved tube, the other a double curved tube 
of oval section. By having the steam pressure on the inside 
and the atmospheric pressure on the outside, a change of cur- 
vature of the tube takes place, which is used to indicate the 
difference between the two pressures. The change of curva- 
ture is transmitted by delicate gearing to a pointer which indi- 
‘cates the pressure оп а circular dial. The whole is enclosed 
in a circular brass case with glass front and connected by a 
small tube of some length to the steam-space of the boiler. 
As a high temperature would be apt to derange the delicate 
mechanism, a loop or bend is arranged in the pipe, which, 
being quickly filled with condensed water, protects the gauge 
against direct steam heat. 

On large boilers frequently two gauges are fitted in order 
to serve as checks on one another for securing correctness. 
Being somewhat sensitive and easily deranged, they should 
at regular intervals be compared with a standard gauge. 


239. What are the use and construction of the safety- 
valve 2 4 


The safety-valve prevents the steam from exceeding 
a certain prescribed working pressure by allowing the excess 


| (94) Rute II, 98.—Lever safety-valves shall have an area of not less than 1 square 
inch to 2 square feet of the grate, and the seats shall have an inclination of 45 degrees. 

The valves shall be so arranged that each boiler shall have one separate tube. 

Any spring-loaded safety-valves constructed so as to give an increased lift by the 
operation of steam shall be required to have an area of not less than 1 square inch to 
3 square feet of grate. 

Each spring-loaded valve shall be supplied with a lever that will raise the valve from 
its seat not less than one-eighth the diameter of the valve opening, and the seats shall 
have an inclination of 45 degrees. АП spring-loaded safety-valves for water-tube boilers, 
with a steam pressure exceeding 175 pounds, to have an area of not less thar 1 square 
inch to 6 square feet of grate. 

Two safety-valves on any water-tube boiler are allowed, with a combined area equal 
to that required for one valve. 

The directions for construction of lever safety-valves are: 

All the points of bearing on lever must be in the same plane. 

The distance of the fulcrum must in no case be less than the diameter of the valve 
opening. 

P The length of the lever should not exceed the distance of the fulerum multiplied by 10. 

The width of the bearingsof the fulerum must not be less than three-fourths of 1 


inch. 

The length of the fulerum link should not be less than 4 inches. 

The lever and fulcrum link must be made of wrought iron ог steel, and the knife- 
edged points and bearings of steel, and hardened. 
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of steam to escape into the atmosphere. For this purpose 
its valve is held down to its seat by weights or springs, so ad- 
justed as to equal the prescribed total pressure caused by the 
steam bearing against the under side of the valve. 

The valve must lift these weights, or springs, sufficiently to 
allow all the excess of steam to escape. The weight used on 
a safety-valve is arranged on the long ends of a lever that 
bears upon the valve spindle, only a short distance from the 
fulcrum. This arrangement needs only a comparatively small 


ЙІ 
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Fic, 45.—Section of Standard Weight and Safety Valves. 


weight, but is objectionable from the fact that it can be used 
only with a horizontal position of the lever, as found on river 


The valve, valve-seat and bushing for the stem must be made of composition for 
boilers using salt water, and the valve and valve-seat may be made of cast iron for 
high-pressure boilers using fresh water. 

Thevalve must be guided by its spindle through supports, made of composition or 
bushed with it. 

The spindle should fit loosely in the supports. 

On boilers of steamers navigating rough waters the fulcrum link may be connected 
directly to the spindle. 

The weights must be adjusted on the lever by а correct steam gauge. . 

The weight must be fastened and the lever marked for facilitating repacement of 
weight; in no case shall a line be attached to the lever except as will enable the engi- 
neer to raise the valve from its seat. 

The area of all openings in boilers leading to safety-valves shall not be less than the 
area of the valve. 

Коте IX, 14.—When any steam vessel has been carrying an excess of steam the 
inspector shall require a lock-up safety-valve. 

The engineer in charge shall blow such a valve once in each watch of six hours or 
less, and report any failure of the valve to operate, 


| 


| STEAM VALVES AND APPLIANCES. 105 


boats. Under an inclination of the boiler the leverage of the 
weight decreases, and it is for this reason that the boilers in 
seagoing vessels employ springs to hold down the safety- 
valves. These springs are usually encased and locked up, to 
prevent any tampering by unauthorized persons. The valve 
itself should be securely guided to prevent jamming or de- 
rangement. 

To avoid a noisy vibration of the valve а lip is cast on it 


Fic. 46.—Diagram of a Weight and Lever Safety Valve, showing the decrease of the 
weight’s effect, as the result of incline in a heavy sea. 


that forces the steam into a downwardly deflected path, and 
keeps the valve off its seat, until the pressure has fallen suffi- 
ciently to allow it to be once more closed by the spring. 
Large valves must have considerable lift to give full opening, 
but it is considered preferable to arrange the same агеа in 
several smaller valves with less lift. То make sure that the 
valve does not stick, a hand-lifting arrangement is usually 
provided in form of a lever that takes hold of the spindle. 
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The safety-valve must be in direct communication with the 
steam-space and have an easy lead to the escape pipe to take 
the excess of steam into the outside air. 


Fic. 4/—Direct Weighted Safety-valve, suitable for low pressures and small boilers. As 
shown, the spindle or valve stem carries a number of perforated lead discs, which 
serve to retain the valve on its seat until a sufficient pressure raises it, allowing the 
steam to blow ой. 


240. What are the use and construction of the steam stop- | 
valves ? ? 

The steam stop-valve regulates, or prevents, the discharge 

of steam from the boiler. The valve for this purpose can be 


(25.) RULE II, 38.— The stop-valves attached to main steam pipes may be made of 
cast iron or other suitable material. 

АП steam whistles shall be placed not less than 6 feet above the top of the pilot 
house, except steamers on rivers flowing into the Gulf of Mexico and steamers of less 
than 100 tons gross, whose steam whistles shall be placed at less than 2 feet above the 
top of the pilot house: 
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held open or closed by a screw spindle, passing outside of the 
casing through a stuffing box, for operation by a hand- 
wheel. 

The angle valve is the form most frequently chosen for 
stop-valves, and the steam pressure is usually on the under 
side of the valve, thus assisting in the opening. The screw- 


(| 


Fic. 48.—Exterior and Sectional Views of а Spring Pop Safety-valve. A spring of known 
strength, whose tension is adjustable to desired pressure, holds the valve upon its 
seat. By the lever attached to the valve stem, however, the valve may be raised, 
allowing the steam to blow off, whenever desired. 


thread on the spindle of large valves is usually on the outside 
of the stuffing box, and is carried ina yoke strong enough 
to resist the full pressure on the valve, without deflection. 

In a battery of boilers the main spindle is frequently inde- 
pendent of the valve, and hollow, to allow a Secondary sliding 


, 
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spindle, connected to the valve, to pass through it. The stop- 
valve acts, then, in the manner of a check valve, which closes 
automatically, if the pressure in the pipe is higher than in the 
boiler. This may prove a great safeguard in case of accident 
to one of the boilers. To work the auxiliary machinery, when 
the main engine is standing, an auxiliary smaller stop-valve 
is frequently fitted, in order to allow more convenient handling 


Fra. 49.—Section of an Angle Stop-valve. 


of the smaller amount of steam required. A special stop is on 


the whistle, or siren-valve, which allows the steam to enter the 
whistle, or siren. It is usually of the self-closing type, work- 
ing under the influence of a spring on the valve. Its sliding 
stem is usually actuated by a lever, with rope connection to 
the pilot house. It should be so arranged that no condensed 
water can lodge in its rather long pipe, such being always 
drained into the boiler. | | 
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The whistle produces its noise by the vibration of a station- 
ary cylinder, under the impact of the steam, while in the siren 
the passing steam rotates a little slotted wheel, which, in its 
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FiG.50.—Section of а Steam Whistle Controlled by a Valve and Giving Several Distinct 
tones. 


Ете. 51.—Section of a Steam Siren. 


passage, opens and closes narrow slots in the casing, thereby 
producing the noise. 

To prevent the carrying of water into the steam-pipes and 
machinery, the stop-valves usually do not open directly into 
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the steam-space, but have an internal pipe extension. This 
pipe collects the steam from all parts of the boiler, through a 
large number of narrow slots on its upper side. As the area 
of these slots is large, the probability of priming is small. 
Furthermore, the shape of the openings has a straining ac- 
tion on the steam. 


СОН ХЕРЕК ELEVEN. 


OPERATIVE APPLIANCES OF STEAM BOILERS HAVING ТО DO 
WITH THE WATER. 


241. What are the appliances that concern the water ? 
(1.) Water-gauges, test-cocks and fusible plug. 
(2.) Feed-check and internal pipe. 
(3.) Salinometer cock. 
' (4.) Bottom blow valve. 
(5.) Surface blow valve. 


242. What are the use and construction of the water- 
gauges, test-cocks and fusible plug 2 * 


Water-gauges and test-cocks have the important duty of 
indicating the water-level in.the boiler. 

The water-gauge shows the level in a glass tube, leaving 
unobstructed connection attop and bottom to the steam-space 
and the water-space. In each of these connections is a cock or 
valve for allowing the glass tube to be disconnected from the 

oiler. As the glass is frequently broken and has to be re- 
laced, an automatically closing device is often added, which 


|! (26.) Ваље П, 27.—All steamers having one or two boilers shall have three suitable 
rauge cocks in each boiler. Those having three or more in Е shall have three in 
ach outside boiler and two in each remaining boiler; the middle gauge cocks in all 
oilers shall not be less than 4 inches above the top of the flues, tubes or crown of fire 


RULE II, 34.—All horizontal, cylindrical boilers used on steamers navigating the 
aters flowing into the Gulf of Mexico shall be provided with a reliable, “low water 


au 

os II, 26.—All steamers shall have inserted in their boilers plugs of Banca tin, at 
ast 14 inch in diameter, at the smallest end of the opening. 

Cylinder boilers with flues shall have one plug in one flue; also one plug in the shell, 
serted from the inside immediately belowthe fire line, not less than 4 feet from for- 
ard end. АП fire-box boilers shall have one plug in the crown of the back connection or 
ighest fire service. 

Upright tubular boilers shall have a plug in one of the tubes, at least 2inches below 
wer gauge coek or in upper head sheet. АП fusible plugs shall have an outside 
iameter of 1 inch gas tap, except in tubes of upright boilers 3$ inch gas tap. 
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contributes greatly to the ends of convenience and safety, 
An extra cock or valve on the bottom connection allows the 
blowing out of any obstructions that may have accumulated 


in the tube connections. 
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STEAM 
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LOW WATER ALARM » 


Ета. 52.—Section of a Type of Com- 
bined Water Column and Low-water 


Alarm, showing connections 
steam gauge and boiler space. 


to 


Guard rods are fitted around 


the glass to prevent breaking Бу 
blows from the outside. Steam- 
tight joints are made by rubber 
washers over the glass at top and 
bottom. 

To prevent irregular move- 
ments of the water-level in the 
glass, under the influence of local 
currents in the water of the boiler, 
the water-gauge is not usually 
attached directly to large boilers. 
It is attached rather to a large 
pipe or drum, having direct con- 


nection to the steam and water | 


spaces well up and well down, 
away from outlets or inlets, secur- 
ing thereby a much steadier level 


and much clearer indication of its | 


position. When a low-water alarm 


is considered necessary the float- | 
ing ball that usually actuates the | 


alarm whistle or bell is arranged 
in this pipe, or in an extra en- 
larged section of it, that provides 


| 


also for the attachment of waters | 


gauge and test-cocks. 
The test-cocks serve for Ње 


indication of the water-level if 


the gauges should fail. They are | 


| 
| 


| 
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Fra. 53.— Type of Water Gauge Glass Equipped with ве - сове Ball Valves. The water 
glass in this instrument is protected by four guards. 
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usually three in number, the middle one being at the usual 
water-level of the boiler; the upper one about three inches 
above the level, and the lower one about three or four inches 
above the highest point of the heating surface. 

The test-cocks are made in different forms, cocks or valves 
sometimes self-closing by spring pressure or weights. 

Another form of safety device is the fusible plug. This is 
a plug of Banca tin, or some composition that melts under the 
heat of the fire if uncovered by the water. It is usually fitted 
inside of a composition plug, threaded to screw into the 
boiler shell just above the fire. The 
steam that rushes out of the opening, as 
the plug melts, deadens the fire, and so 
helps to prevent damage to the exposed 
surfaces in the furnace, combustion 
chamber or tubes. 


243. Whatare the use and construction 
of the feed-checks *‘ and internal 


Ета. 54.—Section of a Boiler j feed arrangements г 


Тгу-соск. Three of these | 
cocks are placed in the. Тһе feed check-valve ensures the re- 
shell of the boiler; one at : 4 
the water level, a second Sult that no water fed into the boiler can 


above, and a third below. 2 | 
be forced out again by the steam Wes 
4 


ure through läck of tightness in pipes ог pump discharge 
valves. It is arranged, for this purpose, in form of an angle 
automatic check-valve, whose lift is limited by an independ- | 
ent stem. The position of the valve in its casing should be 
well below the discharge opening into the boiler to prevent 
any back-flow of the water from striking the valve sideways 


(27.) Етік II, 38.—On all boilers a bronze or brass-seated stop cock or valve shall be 
attached to the boiler between all check valves and boilers, to facilitate access to con- 
nections. | 

Where such cocks or valves exceed 1144 inches diameter, they must be flanged to 
boiler. 

Воље П, 16.—No marine boiler shall be used without having proper auxiliary appli- 
ances for supplying said boilers with water. 3 


| WATER GAUGES AND COCKS. ЗЕТЕ 
| 

and keeping it open by jamming. The valve should Бе guided 
wellto secure an easy lifting and seating. 

To enable the check-valve to be overhauled modern prac- 
tice requires that a stop-valve or stop-cock be fitted between 
the boiler and feed check. Two checks are nearly always 
fitted to keep the main and auxiliary feed entirely independent, 
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Ета. 55.—Arrangement of а Fusible Plug in the Top Plate of the Furnace, showing effect 
of melting the fusible metal, owing to unusual temperature. 


and secure thereby almost absolute certainty against a com- 
plete breakdown of the feed arrangements. 

To prevent an injurious effect upon fire-tube boilers by the 
cold feed-water an internal feed pipe, discharging through a 
large number of small holes, is employedfor more complete in- 
termingling with the boiler water. This pipe should be so 
arranged that it is always full of solid water, without steam 
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pockets, as the condensation of this steam by the cold feed- 
water produces the effect known as “water. hammer" at 
everystroke of the pump. This soon proves very destruc- 
tiveto pipe and fastenings. 

All feed connections and valves should be heavy and 
strong, as they have to perform severe service. 

Special appliances are often provided in water-tube 
boilers to secure a more uniform feeding than can be realized 
by the water-tender. А special valve, actuated Буа float in 
the top drum, stops the feed, if the water-level rises above 
the normal and admits more feed if the levelfalls below it. 
With a battery of water-tube boilers, such feed regulators, if 


Ета. 56.—Part Section of а Fusible Plug, showing shape of the plug contained within a - 
hollow nut for screwing into the plate of a boiler above the fire, 


of reliable and substantial construction, prove of great assist- 
ance to the engineer. 


244. Of what use is the salinometer cock or valve? | 
The salinometer cock is provided in a handy position for 
the purpose of taking a sample of the boiler water in order to 

determine the amount ofsalt held in solution. 


245. Whatare the use and construction of the bottom blow 
valve ? 


The bottom blow valve is fitted for blowing out impuri- 
ties, mud, etc., that may have collected in the bottom of the 


boiler. 
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It is fitted near the lowest point of the boiler in strong and 
substantial manner, and should be so arranged that it indi- 
cates unmistakably whether it is open or shut. 

Frequently a handle, or spanner, is fitted in plain view of 
the fireman, and so arranged that it can be removed only when 
the valve is tightly closed. 


Fie. 57.—Sectional View of an Automatic Angle Check Valve. 


246. What are the use and construction of the surface blow 
valve ? 


The surface blow valve is fitted for the removal of impuri- 
ties at the water-level, like grease, oil and scum. 

It is arranged near the water-level and carries an internal 
pipe fitted to it that ends in a flat pan directly below the 
water-line. With dirty feed-water it may prove a help to 
check priming and keep the water-gauges clear. 
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Е тс. 57A.—Outside Elevation of the Roberts Boiler (Figs. 19 and 20), shown in its casin; 
with steam and water attachments. 
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CiArlERS TWELVE. 


GENERAL TYPES AND CHARACTERISTICS OF THE MARINE 
ENGINE. 


247. What is the fundamental function of the steam 
engine P 
The steam engine serves the purpose of converting heat 
energy into mechanical work through the capacity of expan- 
sion in the steam. 


248. How is the conversion of the heat energy into me- 
. chanical work effected 2 
The expansive power of the steam acts in a cylinder upon 
a movable piston, alternately in front or behind, under the in- 
fluence of an automatic valve, which produces a uniform series 
of reciprocations of the piston. 


249. How isthe automatic action of the valve produced ? 
The automatic action of the valve is assured by making 
its motion dependent upon the motion of the piston, as will 
be presently explained, so that a certain position of the latter 
always ensures the same corresponding position of the former. 


250. What is the action of the valve in its guiding influ- 
ence? 

The steam enters and leaves the cylinders by openings, or 

ports, in its ends, and the valve action closes or opens these 

ports to either the steam or exhaust pipes in regular inter- 


| 


vals of time. 


251. Is the action of the valve of a marine engine alto- 
gether automatic 2 


Not entirely, because a marine engine must be reversible 
121 
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in order to make the ship go forward or backward, as 
needed. 

This requires an arrangement that can change, or suspend, | 
the connection of valve and piston. 


252. What are the different periods of action of the steam 
in the cylinders? | 


In each cylinder there is a certain period of admission, of 
expansion, of exhaust and of compression. 


253. What is the period of admission ? 

The period of admission is the time during which the valve 
allows the steam to enter the cylinder from the boiler or re- 
ceiver. 


254. What is the period of expansion ? 

The period of expansion is the time during which the 
steam expands, after the valve has cut off the boiler, or re- 
ceiver, steam, driving the piston forward by ше gradually 
decreasing pressure. 


255. What is the period of exhaust ? 


The period of exhaust is the time during which the valve 
connects the cylinder with the exhaust pipes. 


256. What is the period of compression 2 | 

The period of compression is the time during which the - 
steam is compressed, after the valve has cut off the connec- 
tion to the exhaust pipe, and before it has opened the steam 
pipe connection; as the piston continues to move to the end 
of the stroke, under its own momentum, it compresses the 
enclosed steam into a smaller volume, and thereby raises its 
pressure. 


257. What is the clearance space of a cylinder 2 
The clearance space of a cylinder is the volume between 
the valve face and the piston in its extreme position. 
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It comprises the volume of the port and that of the space 
between the piston and-end cover of the cylinder. 


258. What affects the size of this clearance ? 

The clearance is affected by the size of the port, as re- 
quired by the steam consumption of the engine per time unit, 
and by the practical consideration of making the space ђе- 
tween the piston and the head large enough to prevent injury 
to the head by the piston, through wear in the bearings or 
through small quantities of condensed water. 


259. What influence has the clearance on the steam con- 
sumption of the cylinder 2 
The clearance has to be filled each time with additional 
steam of full admission pressure, which occasions an increased 
consumption of steam. 


260. What is piston speed ? 
The piston speed is the velocity of travel expressed by the 
number of feet that the piston covers in one minute. 


261. What is the relation between piston speed and revo- 
lutions and stroke 2 

A certain piston speed can be obtained in two ways: by 
having a long stroke and few revolutions, or by having a 
short stroke and many revolutions. 

For example, a piston speed of 400 feet per minute can be 
obtained in an engine of 10 feet stroke and twenty revolutions 
per minute, or in an engine of 2 feet stroke and 100 revolu- 
tions per minute. 


262. What are the most important periods of action of the 
steam 2 

The most important periods are those of admission and 

expansion, since variations of their length have the most 
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pronounced effect on the economy of steam consumption in 
proportion to the work done. This was shown in Fig. 2. 
by the cases A and B, where the short admission and long 
expansion proved the most economical, limited, however, for 
practical purposes mainly by cylinder condensation, under 
great temperature changes. 


263. How is it possible to secure a large expansion and 
keep the cylinder condensation at the same. time 
within reasonable limits P 


A large expansion can be effectively secured by having it _ 
take place in several stages, which are called compound, 
or double, and triple and quadruple expansion, according to 
the number of cylinders. 


264. What are the names of the successive cylinders in 
which these expansions take place 2 


The first cylinder is called the high pressure cylinder and 
the last the low pressure, while the intermediate ones are 
called the first and second zztermediate cylinders when there 
are two, as in a quadruple expansion engine. 


265. Are these cylinders all of the same size ? 
No; the cylinders, from the high pressure up, are of in- 
creasing dimensions and volume. 
266. Why does the volume of the successive cylinders in- 
crease 2 


The volume of the cylinders must increase successively to 
secure a back pressure lower than the driving pressure. 


267. What is the space between two cylinders called ? 


The space between two cylinders is called the receiver 
space. 
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268. Into what does the steam from the last, or low pres- 
sure, cylinder expand 2 
The low pressure steam expands into the condenser, where 
the lowering of the back-pressure is realized by condensa- 
tion of the steam. 


269. What is the lowering of the back-pressure called ? 
` The lowering of the back pressure in the receiver space 
and next cylinder is called the “ drop.” 
270. Is this “drop ” disadvantageous 2 

No; the steam expands, without doing any work, and re- 
tains its heat energy, which shows itself in superheating of 
the steam. 


271. What are the most general ratios between the cylin- 
ders? ) 

For compound or two cylinder arrangements the ratio be- 
tween high and low pressure cylinder volumes is often I to 4. 
| For triple expansion arrangements the ratio between high 
and low is 1 to 7.2 and between high and intermediate, I to 2.7. 
| For quadruple arrangements the ratio between high and 
low pressure is I to 10.5 or 11.0; between high and first in- 
termediate, I to 2.3, and between high and second interme- 
diate, I to 5.4. 


| 
| 
| 
| 


272. What different types of engines are distinguished in 
| common practice 2 

Engines may be classified under several heads : 

(1.) According to the style of build, as horizontal, diago- 
nal or vertical engines, which latter may be again divided 
into direct or indirect acting engines. 

(2.) According to boiler pressure used, as high pressure 
or low pressure engines. 

’ (3. According to expansion of the steam in one or more 
cylinders, as single or multiple cylinders. 
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(4.) According to propelling agent, as paddle-wheel or 


screw engines. 


Fra. 58.—Sectional Sketch of the Cyl- 
inders of a Tandem Compound 
Marine Engine, showing steam 
connection between the two valve 
chests. The upper is the high- 
pressure cylinder, the lower, the 
low-pressure; the greater dimen- 
sions of the latter permitting ex- 
pansion to continue, hence econ- 
omizing steam. 


pressure steam, up to the limit that the boilers can supply. 
It runs, usually, ata fairly high number of revolutions, varying 


(5.) According to arrangement 
of the cylinders, as Юте апа aft 
tandem or combination engines. 

(6. According to piston speed 
or revolutions, as high-speed or 
slow-speed engines. 

The most.common cases have, 
for screw propulsion, vertical direct 
acting engines, in single, twin or 
triple screw arrangements, with | 
cylinders in tandem, or fore and. 
aft fashion; while for paddle side 
wheel the single or compound 
beam engine finds favor, as well 
as, lately, the diagonal multiple 
cylinder direct-connected engine. 

For stern wheel practice a 
double, single or compound hori- 
zontal direct-connected engine is _ 
almost exclusively in use. 


273. What аге the main charac- | 
teristics of the vertical, 
direct-connected, multiple- 
cylinder engine for screw 
propulsion ? 

This highly modern type of en- 
gine is built in compound, triple. 
and quadruple arrangement, and, in 
accordance with this, employs high 
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from 80 to 400, associated with a medium or short stroke, up to 
between 60 and 66 inches. The valve gear is mostly ofthe 
slide, or piston, type, and reversal is effected by either link or 
radial valve gear. 

Its build makes access to all parts convenient for lubrica- 
tion, adjustment and repair. It is of strong and substantial 
form, self-contained on its bed plate, insuring good adjust- 
ment and a smooth working engine. ЈЕ is universally used 
for ocean-going ships, where deep draft allows a sufficient 
diameter of propeller. Where the diameter of the wheel is 
restricted by draft, or for other reasons, the twin or multiple- 
screw arrangement is employed, introducing, however, the 
disadvantage of а large number of parts and joints that are 
liable to prove a great source of care and trouble to the en- 
gineers. 


274. What are the characteristics of the vertical walking 
| beam engine for paddle-wheel propulsion ? 


| The beam engine, so well known on the lakes, sounds, 
bays and rivers of the United States has usually only a single 
cylinder, with a stroke quite long in proportion to its dia- 
meter, and varying frequently between 7 and 12 feet. 
Expanding the steam in a single cylinder only, it is em- 
ployed with the rather low steam pressure of from 50 to 60 
pounds per square inch. On account of its heavy walking beam. 
it is best suited to run with a limited number of revolutions, 
varying frequently between 20 and 30. 

The valve gear is almost always of the double valve poppet 
type, actuated by cams оп а rock-shaft. То secure а varia- 
bility of expansion in the single cylinder, some form of cut-off 
arrangement is provided, of which constructions the Sickels 
cut-off gear is the most usual. Under the influence of a sec- 
ond eccentric, it allows the poppet valve to drop prematurely 
by disconnecting it from the lifting rod. Reversal is effected 
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Ета. 59.—Seabury 10-inch Stroke Triple-expansion Marine Engine, 950 horse-power. 
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_ by disconnecting the eccentric rods from the rock-shaft lever 
and giving live steam by hand on the opposite side of the 
piston. This entire suspension of the automatic action of the 
valve, which would be impossible in quick running engines, 
proves exceedingly handy and serviceable in the beam engine. 

Where long continued backing is required, as in ferry 

boats, special backing eccentrics and rods are provided, which 
| hook in when the forward eccentric rods hook out. 

The support of the engine is derived from the so-called 
“A ” frame that provides bearings for the walking beam pins 
at the top and for the shaft at one side, and connects to 
the cylinder and guides on the other side. Great size and 
weight concentrated on a short length and a high centre of 
gravity are characteristics in the beam engine that will 
finally cause it to be superseded by other constructions, re- 
gardless of the great popularity that it has enjoyed. 


275. What are the main characteristics of the diagonal 
direct connected engine for paddle-wheel propul- 
sion ? 

This engine is extensively used in Europe for paddle-wheel 
propulsion, and conveniently allows compound and triple-ex- 
pansion arrangements, thereby ensuring economical use of 
high pressure steam. 

The revolutions are usually higner than with the beam 
engine, averaging between 30 and 50 per minute, while the 
stroke is correspondingly reduced to between 5 and 8 feet. 
The valves and valve gears are similar to those of vertical 
screw engines, with link and radial gears in favor for revers- 
ing. The position in the hold of the ship allows a strong ar- 
rangement, with fairly good access to all parts. 

Comparative lightness, distribution ofthe weight onthe whole 
length of the engine room and a low centre of gravity seem 
to render this type of engine well calculated to supersede the 
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beam engine, where draft or other restrictions make paddle- 
wheel propulsion desirable. 


276. What are the main characteristics of the horizontal 
| direct-connected engine for stern-wheel propulsion 
on Western rivers > 


The Western river stern-wheel engine is generally arranged 
in duplicate, one cylinder on either side, connected to the out- 
side of the wheel, on or near the guards of the boat. 

It employs high pressure steam, and, in late forms, is built 
in tandem or cross-compound arrangement, allowing greater 
economy than the single expansion engines. The stroke is 
between 5 and 12 feet, and is large in proportion to the cylin- 
der diameter. Due to direct connection they can be run 
at a somewhat higher number of revolutions than beam 
engines. 

The valve gears of this type of engine are of manifold 
constructions, a form of poppet valves actuated by long 
cam-driven levers finding great employment; otherwise, 
rotating valves, common slide and piston valves are in fre- 
quent use. 

The simplicity of the engine, its great accessibility and 
easy repairs have made it very popular for river navigation. 


277. In what part of the ship are the engines placed ? 


For screw-engines the position is either at about the mid- 
dle of the ship or at the extreme end. The former position is 
chosen for seagoing cargo and passenger ships, while the 
latter is preferred for lake cargo steamers and oil tankers, 
where one continuous cargo space is considered desirable. 
Side paddle-wheel engines are placed near the middle of the 
ship, but the stern-wheel engines are set at the rear, in order 
to follow the wheel for direct connection. 


пе, showing general arrangement of the cylinders and driving gear, con- 
f the stern paddle-wheel. 


nected to the axle o 


Fia. 61.—Direct-connected Stern-wheel Engi 
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The effect upon the trim of the ship by an after-position is 
counterbalanced in screw steamers only by the cargo, while 
in stern-wheelers the boilers are placed at a corresponding dis- 
tance forward near the bow, securing thus an absence of trim 
in the ship. 


Bic. 62.—Type of Western River Boat Propelled by Stern Paddle-wheel and Direct-con- 
nected Engine, such as is shown in Figs. 60 and 61. 
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STATIONARY PARTS OF A MARINE ENGINE, I. | 


THE CYLINDER AND VALVE CHEST, FRAMING AND GUIDES. | 


278. What are the stationary parts of tne steam engine > 
(1.) The cylinders and valve-chests. | 
(2.) The framing and guides. 1 
(3.) The bed-plates, foundations and shaft supports. | 

279. What are the functions of the cylinders and valve- 

chests ? | 

The cylinders provide space for the expansion of the steam 
behind or in front of a tightly-fitting piston. 

It has openings, or ports, for the regular inlet and outlet of 

the steam through the guiding valve. | 

The valve-chests provide a separate space for the admission | 

and the exhaust steam, which are separated through the valve. | 

Where the ports end at the valve-chests a face is provided | 

around them for the valve to work on. | 


| 


280. What is the material generally chosen for the cylin- 
ders and valve-chests ? 

A good quality of cast iron is universally chosen for cylin- 
ders and valve-chests, being the material best adapted for a 
ready production of the many rather intricate forms and 
shapes that a cylinder requires. 


281. Of what form is the cylinder ? 


‚ The cylinder is of a round barrel-shape with flanges and 


stiffening bands about it. Being round, with inside pressure, 
із” 
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it has good strength and can be constructed with compara- 
tively thin walls. The inside is bored to a true cylindrical 
surface, allowing a uniformly tight fit of the piston throughout 
its travel. At each end this working face is recessed to allow 
-а certain over-running of the piston rings and more uniform 
wear. 


282. Of what form and construction are the ports ? 

The ports open into the recessed ends of the cylinder bore, 
in a narrow slot above and below the edge of the working 
face, and take the form of a rectangle of great width and small 
depth. They are frequently curved in their advance toward 
the valve-chest, to secure shorter valves and smaller chests 
with less exposed steam surface. 

The flat walls of the ports have to be efficiently ribbed and 
stayed to resist the steam pressure. 


283. Why is the cylinder closed by removable heads at one 
ог both ends 2 

The cylinder has to allow for the entering of the piston as 
well as finishing of the inside surface. For this reason faced 
flanges are provided that receive the flanges of the heads with 
some packing material between them. Steel bolts or studs 
through these two flanges complete the steam-tight connec- 
tion. 

In the cylinders of vertical engines the lower head is fre- 
quently cast in one piece with the cylinder casing, providing 
in its centre only a small opening for the fitting of the piston- 
rod stuffing-box, which also serves for the passing of the 
boring bar in finishing the working face. 

284. For what purpose is a cylinder liner provided 2 
The wear of the piston requires a hard and close-grained 


working face that can be more easily secured in a separate 
liner than in connection with the whole cylinder casting. For 
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this reason a liner is pushed tightly into the cylinder, fastened 
with an inside flange to the bottom, and made steam-tight at 
the top with a shallow stuffing-box. The liner and cylinder 
barrel touch each other only on facing strips, leaving between 
them an annular space that sometimes is utilized as a steam 
jacket, or otherwise serves to reduce the radiation of heat from 
the cylinder. The liner should be always of cast iron to insure 
the same expansion as the cylinder casing. With different 
materials injury to one or the other part is apt to result. 


285. How are the heads constructed P 


The heads are discs of single or double thickness, with stif- 


fening ribs for effective resistance of the steam pressure. In 


the centre of the heads there is an opening and facing for the 


attachment of piston-rod stuffing-boxes or guide sleeves. Care 


in the fitting of the heads should be taken to leave a certain. 


clearance at the extreme position of the piston. 


286. Of what formis the valve-chest of slide and piston- | 


valve engines ? 


The valve-chests of all engines fitted with plain slide or 


piston-valves are commonly of а box, or cylindrical, shape, | 


usually cast with the cylinder in one piece. Covers in heads 


or sides allow for the introduction of the valves. Nozzles for 


steam and exhaust pipes establish the connection to the boiler, | 


to other cylinders ог to-condenser. The valve face, made flat 


for slide, and cylindrical for piston valves, is finished for an ac- | 


curate fit of the valve, having the edges of the port openings 
accurately cut, to conform to the cutting-off edges of the 


— Ty v9 айы 


valve. Frequently a false face, or liner, is provided that; 


furnishes material of better wearing quality and allows more 
accurate finish for the port edges. Stuffing-boxes or sleeves 
in bottom and top act as guides for the valve stems. 
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287. Of what form is the valve-chest of poppet valve en- 
gines P 

| Poppet valve engines have generally an independent valve- 
box at each end of thecylinder next to the port with pipe con- 
nections, so-called side pipes, between them. Heads for the 
introduction of the valves and stems are arranged in con- 
venient positions, with stuffing-boxes or guide bushings аз 
required. The side pipes being usually of a different tempera- 
ture from the cylinder, which holds and supports the valve- 
boxes rigidly, have a provision madefor expansion that keeps 
the joints from suffering injury. 

In beam engines this expansion is provided by the deflection 
of a steel plate of large diameter, connected near its centre to 
the valve-box, and at its circumference to the funnel-shaped 
flare of the side pipe. 


288. What connections are usually made to the cylinders 
and valve-chests ? 

Since the condensed water must be carefully drained from 
cylinders and valve-chests, openingsand facings in the lowest 
points of the cylinder heads, ports, chests and pockets, that 
might hold water, have to be provided for the attachment of 
the drain cocks and valves. To prevent injury to the castings 
by accidental occurrence of too high a steam pressure, open- 
ings and facings, for the attachment of safety or relief valves, 
are provided on the ends of the cylinders and valve-chests. 
Also oil-cups and indicator connections must be provided for 
by bosses orfacings. For the connection of the cylinders 
and chests to the framing, or foundations, lugs are provided to 
transmit the thrust or weight. | 
289. For what purpose аге the clothing and lagging fitted 

to cylinders and valve-chests 2 

Clothing and lagging the cylinders and valve-chests pre- 

vents loss of heat from the steam through radiation. For this 
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purpose, therefore, non-conducting materials are chosen, like 
mineral wool, asbestos, felt, wood, etc. 

A popular arrangement is to clothe with finished mahogany 
in moulded staves, held and fastened by polished brass bands, 
while Russia iron covers over felt or wood, fastened with 
round-headed brass screws, make another very neat and pleas- 
ing arrangement. 


290. What is the function of the framing ? 

The framing provides the support and rigidity of the engine. 
It prevents the running strains of the engine from producing 
deformation or deflection of the parts. 


291. What are the function and construction of the 
guides ? 

The slipper guides that take the reaction thrust of the con- 
necting rod usually find their support on the framing. 

They may be made independent and bolted to the framing, 
but if severe service is anticipated they are frequently cast 
hollow and arranged for cold water circulation. Some engines 
have a guide on each side, one for forward, the other for 
backing motion, while other constructions have only one 
guide, with backing strips, hooking over the flat slipper of 
the cross-head. 

The flat face of the guide has to be exactly parallel to the 
axis of the cylinder to prevent all bending of the piston-rod. 


292. How isthe framing of a vertical direct-acting screw 
engine constructed ? 

The framing of the vertical screw engine consists of 
standards, or columns, of cast iron, cast steel or wroughtsteel, 
in box, I-shaped or round sections. They support and con- 
nect the cylinders at the top with the bed-plate and founda- 
tions below. 

The attachment is made by bolted flanges or large screw- 
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nuts. The sections should possess ample strength to with- 
stand the tension, compression or bending strains, and the 
standards are, for this reason, frequently connected with each 
other by horizontal or diagonal braces. They providea sup- 
port for the guides to take the side thrust of the cross-head. 

The framing supports the hand or steam reversing gear, 
and the throttle and drain cock lever. In many cases the 
surface condenser forms nart of the framing and part of the 
bed-plate. 


293. How is the framing of the beam engine constructed ? 


The framing of the beam engine serves the primary purpose 
of giving rigidity to the engine structure by holding the 
cylinder in vertical position; receiving the side thrust of the 
cross-head and resisting the weight and bending momentum of 
the beam. It also helps to transmit the thrust of the wheel 
shaft to the hull of the ship. The two A-frames are con- 
structed of wood and nearly always have steel plates and 
angles that ensure greater rigidity than wood. The rivets 
must be very carefully fitted and driven to secure the entire 
absence of play, which is otherwise easily observed. Cross 
beams between the two A-frames give the necessary lateral 
stiffness under rolling or listing movements of the ship. 


294. How is the framing of the diagonal, direct-acting 
paddle-wheel engine constructed ? 


One part of the framing acts to form struts between the 
cylinders and the bearings of the crank-shafts, serving at the 
same time as guides for the cross-heads, while another part 
merely supports the weight of the crank-shaft and its bear- 
ings; this part is sometimes replaced by the condenser. 

The frames are usually of castiron or wrought steel stand- 
ards of I-shaped, square, or round section, with bolted flange 
connections to the cylinders, main-bearings or foundations. 
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295. How is the framing of the horizontal, direct-acting, 
Western river stern-wheel engine constructed ? 

It consists principally of two wooden, or steel, beams, 
placed directly upon the deck beams of the main deck of the 
boat Of these only the inside one extends to the stern- 
wheel for the support of the main-bearing, wheel-shaft and 
wheel and for taking the thrust of the engine. The shorter 
beam, on the outside, shares with the inside one the weight 
of the cylinder and the downward thrust of the cross-head. 
Asthese beams rest on a somewhat yielding and flexible 
foundation, the connection of the beam to the cylinders 
and guides is usually made adjustable, so that a realignment 
can be readily effected. 


GIESEBTERCPOURTEEN. 


STATIONARY PARTS OF A MARINE ENGINE, II. 


THE BED-PLATE, FOUNDATION AND SHAFT SUPPORTS. 


296. What are the functions and construction of the bed- 
plates and foundations of a vertical screw engine ? 


The bed-plate of a vertical screw engine provides a support 
for the crank-shaft in the main-bearings, and connects the 
main-bearings rigidly to the framing, so that the centre of 
the shaft is always at the same distance from the central 
position of the piston. It is fastened by numerous bolts to 
the framing or inner bottom plating of the ship to ensure an 
absolutely immovable position of the engine in the ship, 

_ even under rolling and pitching movements іп a seaway. The 
bed-plate is usually a system of deep cross-girders that con~ 
tain the bearings, joined at the outside of longitudinal girders; 
thus forming between themselves pits in which the cranks re- 
volve. 

These girders are usually of box, І or J-shaped sections, 
stiffened by webs. Іп certain constructions, as where saving 
of weight is of importance, a special engine foundation is con- 
structed of wrought-steel plates and angles, which carries a 
shallow cast iron or cast steel bed-plate at its top. Numerous 
bolts make firm connection between the two parts. Where 
this foundation is constructed on aninner bottom it is possi- 
ble to make the crank pits water and oil tight, and thus pre- 


vent the bilges from becoming foul with oil. 
141 ; 
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297. What are the functions and construction of the bed- 
plates and foundations of a vertical beam engine 2 

In the beam engine the A-frames take partly the duty of a 
bed-plate by providing the seats for the main and beam bear- 
ings. Under the engine and condenser the air pump chan- 
nel-way connects the foundation of the A-frames, and trans- 
mits thereby the reaction of the engine to the bottom of the 
boat. 

298. What-are the functions and construction of the bed- 
plate and foundation of the diagonal direct-acting 
paddle-wheel engine ? | 

The bed-plate of the diagonal engine is usually made in 
several pieces; the part under the cylinders being frequently 
in form of feetor brackets that connect to the foundation 
built into the ship. The other parts are shallow girders, sub- 
stantially bolted to the framing or foundation of the ship, in 
order to support the standards, or condensers, under the main- 
bearings, air-pump channel-ways, feed-pumps, reversing en- 
gines, cross-head struts, etc. 

Being well distributed over a large area of the framing, a 
good, secure foundation and a well-aligned engine is thus 
gained. 

299. What are the functions and construction of the founda- 
tion of the horizontal stern-wheel engine 2 

Inthe horizontal stern-wheel engine the framing takes the 
place of the bed-plate. Under the wheel beams a form of 
lattice girder of wood or steel helps to preserve the rigidity 
of form in the hull and engine, and to distribute the steam of 
the engine working over a larger area. 


300. What are the functions and construction of the main- 
bearings 2 s 

The main-bearings serve for the support and alignment of 
the driving shaft of all marine engines. Their principal func- 
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‘tion requires a very careful construction to ensure the success- 
ful continuous propulsion of the ship. 

Inthe paddle-wheel types of engine the main-bearings have 
to transmit the whole thrust of the wheels to the ship, which 
makes their duty so much the more arduous. Special con- 

nections must be provided, and іп beam апа stern-wheel en- 
gines the bearings fit over, or between, projections ofthe foun- 
dation, or framing, with adjustable keys between. 

In the diagonal engine the main-bearings have a bracketex- 
tending to a cross girder to transmit the thrust to the side- 
framing ofthe ship. 


Fio. 63.—Thrust Bearing of а Propeller Shaft. A, B and C, rods of keys to transmit 
thrust to foundation. The shaft carries flanges which bear upon circular lugs in the 
easing, through linings of white metal. 


Since the out-board bearings of side-wheel engines need very 
substantial supports, special constructions, like additional A- 
frames, or brackets, have to be resorted to for realization of 
this end. 

In screw engines all the thrust-taking is concentrated upon 
asingle special bearing, fitted with horseshoes and ribs in the 
bearing, forthe engagement of corresponding collars on the 
shafting. The other bearings sustain the transverse strains 
only. In the bed-plate the crank-shaft bearings sustain severe 
alternating strains, while in the tunnel the shafting requires, 
only support of its own weight. 
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Screw shafts leave the ship under water, and have, there- 
fore, a water-tight stuffing-box fitted at this junction. A tube, 
called a stern-tube, is fitted for this purpose with a stuffing-box 
at its forward end, and providing a special bearing of large 
surface at each extremity. In twin-screw vessels the shafting 
outboard of the stern-tube 
needs additional supports, 
particularly next to the pro- 
peller, which is furnished by 
struts of A-shape. The bosses 
of these struts provide a 
large bearing surface to sup- 
port the weight of the shaft 
and propeller. The main 
body of all bearings is usu- 
ally of cast iron with the top 
part removable and held and 
adjusted with bolts. 

To secure a smoother 
running and less friction, 
bronze brasses are fitted in 
the upper and lower parts of 
the bearing. These brasses 
are formed in square, octagon 
or round outside shape, and 
have flanges on each side to 
prevent all movement side- 
ways. The round and octa- 
gon shapes, although less securely held in the bearing, are 
preferable, as being less easily cracked upon heating and 
. expanding. Distance pieces between the brasses preserve the 
desired loose fit of the shaft and allow the wear on the brasses 
to betaken up. Frequently the brasses are lined with strips, 
ог blocks, of Babbitt metal, which are easily replaced after 


Ета. 64.—Tunnel Bearing of a Screw Propeller 
Shaft. 
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heating or injuring of the bearing surface, besides being 
a good anti-friction metal. 

The joints of the bearings are arranged under an angle 
from the direction of thrust of the connecting rod. The bolts 
must be of ample strength for withstanding the whole pull of 
the piston and should be provided with locked nuts. 

Oiling provisions of liberal supply are fitted, and oil-grooves 

` аге cut into the brasses, so as to distribute the lubricant over 
the whole surface. 

'The screw-engine thrust bearing is fitted in two forms. One 
form is aregular bearing, with the addition of collar projec- 
tions, lined with Babbitt metal to secure a uniform bearing of 
all collars. The other form isan open box, containing a num- 
ber of horseshoe rings, singly adjustable fore and aft, to 
secure a well-distributed thrust. The bearings in the stern 
tube are inaccessible for oil lubrication, and are, for this 
reason, made very long. With water alone as a lubricant, the 
bearing material used is lignum vitz, fitted in dove-tailed re- 
cesses of bronze sleeves. The sleeves are well fitted in the 

tube and connected by bolted flanges with locked nuts. 
Where the water is very gritty or sandy, Babbitt metal is 
found a serviceable material for the wearing surface; the action 
of the sand proving somewhat destructive on the lignum vite. 
In the shaft struts of twin-screw steamers, similar bearings of 
lignum vitæ or Babbitt, in bronze sleeves, are fitted, allowing 
of an easy removal and replacing of the bearing material. 


CHAPTER ЕТЕТЕЕМ 


THE MOVING PARTS OF А MARINE ENGINE, Г. 


THE VALVE-GEAR AND REVERSING MECHANISM. 


301. What are the moving parts of a steam engine ? 
(1.) Valve-gear. 


(2.) Piston, piston rod, cross-head and connecting-rod. 
(3.) Crank and line shafts. 


302. What is the function of the valve-gear 2 

The valve-gear has the important function of directing and 
regulating the admission and exhaust of the steam, and рго- 
ducing thereby the regular reciprocation of the piston. 

It also enables reversing the direction of the revolution of 
the crank at the will of the engineer. In short, it is the agent 
that realizes, more or less perfectly, the aim of producing the 
largest amount of mechanical work from the steam; doing 
this by harmonizing.and compromising the four periods of 
the action of the steam, and giving to each of them its due 
consideration. 

Sometimes an extra valve-gear is made, in case it is desired 
to have the periods of admission and expansion of special 
length, without interfering with or disturbing the economical 
and desirable performance during the other periods. In the 
slide and piston valves this special expansion gear is separate 
from and entirely independent of the main distributing valve- 
gear. It has lost its importance with the multiple cylinder 
engines, since in them only a small variation in each cylinder 


is desirable, and this may be readily obtained by linking-up. 
146 
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In the single cylinder beam engine a special expansion may 
be quite useful, and is provided by a drop arrangement for 
disconnecting the valve stem from the lifting rod and letting 
the valve fall to its seat before the rod has completed its lift. 


303. What are the moving parts of the valve-gear 2 

The moving parts of the valve-gear are: 

The valve, valve stem, link and link-block, eccentric rods, 
straps and eccentrics, besides the reversing gear for slide and 
piston valve engines; and the poppet valves and stems, lifting- 
rods, toes, cams, rockshafts, levers, eccentric rods, straps and 
eccentrics for poppet valve MEM 
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Ета. 65.—Diagram of the Laps of a Cylinder Slide Valve. The external, or steam, lap is 
shown at E, the internal, or exhaust, lap, at I. 


304. What are the parts that direct and regulate the steam 
distribution 2 

The steam distribution depends upon the angular advance 
of the eccentric before the crank, the stroke and the inside 
and outside laps of the valve, for slide and piston valves; 
while for poppet valves the angular advance of the eccentric, 
the length of the rock arms, the stroke and curvature of the 
toes are the determining factors. 
305. What is the angular advance of the eccentric ? 

The angular advance is the angle d, through which the 
eccentric is turned ahead of a position до deeree ahead of 
the crank. а 
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306. What is the influence of the angular advance of the 
eccentric ? 

The angular advance of the eccentric provides for a certain 
opening of the ports, when the piston is in the end position. 
At one end full steam pressure is thus ready to start the 
piston on its return stroke, while at the other end the fully 
established exhaust prevents any undue back-pressure. A 
larger angular advance of the eccentric increases the lead, 
shortens the admission, lengthens the expansion and makes 
the exhaust and the compression earlier, besides lengthen- 
ing the latter. 


307. What is the lead 2 

Lead is the amount of port opening at the end position of 
the piston, which gives the steam an opportunity to enter 
behind the piston and start it again with full, strong press- 
ure. It is provided by the angular advance, and is usually 
expressed in linear measure of inches. The amount given 
varies in different engines from nothing to three-eighths or 
one-half inch for modern marine practice. 


308. What are the outside and inside laps 2 

The outside and inside laps are the excess of the width of 
the valve face over the width of the port in the direction of 
the travel of the valve; they are marked e for the outside or 
steam lap and z for the inside or exhaust lap in Fig. 65. 


309. How do the inside and outside laps influence the 
steam distribution 2 

The outside lap determines the angular advance to secure 
а certain lead. It makes the cut-off earlier and lengthens the 
periods of expansion. The positive inside lap decreases the 
exhaust lead or premature opening of the exhaust port. It 
lengthens the period of expansion; decreases the period of 
exhaust, and lengthens the period of compression. 
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Fie. 67.—Valve Diagram for a Vertical Slide, or Piston, Valve Engine. This diagram shows 
the relative positions of the piston and the valve, The piston moves vertically, while 
the valve moves horizontally. Equal numbers indicate corresponding positions for 
both. The cut-out slide shows progressively, from one number to the next, how the 
valve opens and closes from 1 around to 6 at the upper steam edge, and from 6 
around to 12 at the lower exhaust edge. The piece at the top of the diagram repre- 
sents the slide valve, and, if cut out and laid upon the corresponding letters on the 
centre figure, gives graphic illustration of the movement of the valve. (See folder in 
pocket on back cover.) 
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`. If the inside lap is negative its influence on the different 
periods is reversed. 


310. What is the relation between the stroke of the valve 
and the outside and inside laps ? 
The laps should be proportioned as a certain part of the 
valve stroke. 
The outside lap, which is always positive, may vary from 
| nothing to not more than one-fourth of the stroke. The inside 
lap may vary from a small negative value to a positive one 
of about one-tenth or one-twelfth of the valve stroke. 


311. What is the amount of angular advance most often 
found in marine engines ? 

The angular advance varies from nothing to about 40 de- 
grees. Thus, with no angular advance, there is usually as- 
sociated no outside lap, while a large angular advance is 
usually associated with a large outside lap. 


312. How do we obtain a graphical demonstration of the 
influence of angular advance, lead and laps ? 

The valve diagram is used to show (һе influence of the 
different factors that affect the steam distribution. 

The ellipse diagram, as shown in Fig. 67, shows the position 
of the piston of a slide valve engine for each twelfth of one 
‘revolution and the corresponding position of the valve. 

The edge, AB, shows the travel of the steam lap, e, from 
its centre position across the port and back; the edge, CD, 
shows the travel of the exhaust lap, 2, across the port and 
back, also from its centre position. 

The port is, in both cases, the bottom one, so placed that 
the steam, as well as the exhaust lap edges, fall on the mid- 
dle line of the valve stroke. 

The four periods of the steam distribution are begun when 
the lap edges pass the port edges. The diagram at the 
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Гіс. 68.—Valve Diagram for a Beam Engine with Poppet Valves. This diagram shows the 
relative positions of the piston and poppet valve. The piston travels vertically, 
while the toes swing horizontally, lifting the valves in the same direction. The 
valve rests, in the diagram, directly on the toes. The cut-out slide valve, at the 
left of the diagram, is to be placed in vertical position and moved horizontally, 
resting successively upon the toe in the positions from 1 around to 7, for the steam, 
and on the other edge and other toe, from 10 around to 22, for the exhaust. (See 
folder in pocket on back cover.) 
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right shows the indicated power that would result from this 
setting of the valve, with 100 pounds initial absolute steam 
pressure and 30 pounds exhaust pressure. 

A diagram for the poppet valve-gear of a beam engine is 
shown in Fig. 68 for every twenty-fourth of one revolution. 

The ellipse does not show so evenly, as the valves come 
to a pronounced stop at the end of each period. 

The steam distribution, in this case, depends upon the an- 
gular advance of the eccentrics, which can be different for 
steam and exhaust, due to separate eccentrics and rock shafts, 
and upon that part of the swing of the toes that actually lifts. 

Through this combination a result similar to that of laps in 
the slide valve is obtained, defining very clearly the four 
periods of the steam distribution. 


313. What is the influence of linking-up on the steam dis- 
tribution ? 

Linking-up puts the valve under the combined influence of 
the ahead and backing eccentrics, which has the same effect 
as if the valve was actuated by a single eccentric of shorter 
stroke and greater angular advance. The lead increases with 
open eccentric rods, while it decreases with cressed rods. 
Linking-up is only desirable in small amounts, as not only 
the expansion, but also the compression, begins earlier, and 
reduces the power developed very quickly. 

With a special expansion gear the expansion only is 
affected, and the reduction of power is more proportionate to 
the reduction of steam consumption, while the compression 
remains constant. 


314. What forms of valve are in common use ? 

(r) Valves sliding across a steam port constructed as flat 
sides or pistons. 

(2) Valves lifting away from the ports, constructed as pop- 
pets, usually in the double balanced arrangement. 
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315. What is the duty and construction of the sliding 
valves 2 


The sliding valves work on a flat or cylindrical face, with a 
steam-tight fit, which prevents an exchange of the high and 
low pressure steam, outside and inside of the valve. For this 
reason the valves are usually of cast iron, the same material 
of which valve chests are made, securing thereby practically 
the same expansion. 

Flat side valves are constructed with single or double 


Fic. 69.—Diagram Illustrating the Relative Positions of Crank and Double Eecentrics 
when the Crank Stands at Instroke Dead Centre. A shows the crank ; B, the forward 
eccentric, and С, the backward eccentric. The angular advance is indicated on the 
lines of throw of each eccentric. 


ports, while piston valves are mostly applied to single ports 
only. | 

То keep steam tight fit under conditions of wear the flat 
valves have a supporting spring on the back, besides having 
the steam pressure on the back of the valve. 

For large, flat valves this excess of pressure may be so 
severe that relief rings have to be fitted, excluding part of the ` 
back from the access of the steam and connecting it with the 
condenser. 

Piston valves for small sizes are constructed as neatly fitted 
plug valves, with water grooves turned in their faces and no 
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provision for wear. Larger piston valves have frequently a 
split, but bolted, packing ring, that can be spread in case of 
wear. 

Flat valves are frequently preferred for low pressure cylin- 
ders as being more secure against leakage of steam to the 
condenser. 


316. What are the function and construction of the lifting 
valves ? 

The lifting valves are usually in the beam engine arranged in 
the double balanced form, so that the valve gear has little 
more strain imposed upon it than lifting the weight and over- 
coming the friction. 

There are usually four pairs of these valves, closing on nar- 
row, conical seats of bronze and fastened in the valve chest. 

The valves and their distance piece are of cast iron or 
bronze. 


317. What are the function and construction of the valve 
stems ? 

The valve stems transmit motion to the valve, and help 
to guide it in its path. 

As they are subject to pulling and pushing strains, they 
should be heavy enough to remain rigidly in a straight line, 
even under the heaviest pressure that can come onthem. In 
flat slide valves they fit loosely through the valve body with 
large washers above and below it. 

In piston valves a tight fit, with collar below and nut _ 
above, is usually provided. For large valves an upper guide 
sleeve is provided for steadying the movement and preventing 
overhung bending of the stem. The lower end of the stem 
passes through a steam-tight stuffing box, which guides it. - 
Large stems have also an outside guide for relieving the 
stuffing box of all outside pressure. | 


VALVE-GEARS AND REVERSING. : 157 


Marine Engineering. 


Fie. 72.—Type of Stephenson Link Motion, Double-Eccentric Reversing Gear. The 
figured parts, as referred to in the text, are: Eccentric (1); eccentric strap (2); 
eccentric rod (8): shifting link (4); suspension rod (5); reverse arm with adjustable pin 
(6), mounted оп the rock shaft. 
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With link reversing gear, the valve stem has a fork or 
bearing at the end that connects to the link block, or, to the 
swinging lever of radial valve-gears. With lifting valves the 
stem is in one or two parts; in the horizontal river engine 
the valve stem, passing through a stuffing box, connects toa 
lever; in the beam engine this stem connects to a bracket 
arm that reaches out from the lifting-rod in the front. 

With a drop expansion gear this bracket arm of the steain 
lifting rod has a slotted bore, which drops or carries the 
valve stem, according to the engagement of a toothed rotal- 
ing collar onthe stem. A dash pot secures a retarded move- 
ment and easy closing of the valve on its seat. 


318. What is the function of the reversing-gear 2 


The reversing gear provides for the change of direction cf 
the revolutions of the propeller. For vertical engines the link 
gear and the radial, swinging lever gear are most frequently 
used. 

The link gear, best known in the Stephenson form, ет» 
ploys a sliding link connected to two separate eccentrics; 
one for ahead, the other for backing motion, each with the 
normal angle of advance. 

The radial valve gear, best known in the Marshall form, 
employs one eccentric set, at О, or 180 degrees from the crank 
pin, or it derives its motion from the connecting rod. The 
swinging lever so actuated is guided at its other end in a cer- 
tain curved path, enforced by slides or guiding levers, that 
drive the valve stem pin in an elliptical path, similar to the 
valve diagram ellipse. On reversal the ellipse is turned the 
other way. 

In beam engines backing is frequently done by actuating the 
lifting rods entirely by hand and suspending the automatic 
action. 

Sometimes an independent backing eccentric and rod is 


Fic. 73.—The Marshall Valve-gear. As may be understood from this illustration, the 
single eccentric, turning on the crank shaft, works the cylinder slide-valve through a 
pivoted arm. The lead of the valve may be varied, or the movement stopped or 
reversed, by sliding the hand lever on the notched quadrant. This act, as may readily 
be understood, raises or lowers the pivot of the eccentric rod lever; thus varying the 
movement of the valve between extreme positions, as indicated by the two dotted 
elliptical paths of the valve rod end, to the left lower end of the figure, 
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fitted that engages the rocker arm when the ahead eccentric 
rod is lifted off. 


Ета. 74.—Radial Valve-gear for a Marine Engine. The lever, A, operates the valve rod, У. 
The pin forming the fulcrum of A slides in the curved slot, B, motion being directly 
imparted to A from the connecting link, C, one end of which is pivoted to the con- 
necting rod, the other to the suspension link, D, The vertical motion of the link, C, 
moves the valve, as desired. L is the reversing lever. 


319. How is reversing with link gear accomplished ? 
Reversing with link gear is effected by pushing the link 
over until the backing eccentric rod pin is directly under the 
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| block pin. Suspension rods are for this purpose connected 
to pins at the centre or end of the link, which at their 
other ends are hung upto a rocker arm on the reverse shaft. 
For multiple cylinder engines each link has this independent 
connection to the reverse shaft, which in turn is rotated 
through the necessary angle by either hand or steam. 

The hand gear used is the direct hand lever, or a lever 
pushed over by a screw shaft with hand-wheel, that increases 
the leverage to the necessary degree. 

Steam reversing is done in one type by a continuously 
rotating small engine that actuates the rocker arm of the re- 
verse shaft through screw, worm-wheel and connecting rod. 

Theother type of steam reversing employs a reciprocating 
steam cylinder, sometimes in conjunction with an oil cylinder, 
that checks and prevents any small vibratory motion of the 
gear. i 

The piston, piston-rod and cross-head connect directly with 
connecting rods to the rocker arm, and a floating lever is 
employed for preventing an excess of the normal stroke by 
automatically closing the valves for steam and oil cylinders. 


320. How is reversing accomplished with radial gears ? 
Reversing in radial gears is effected by changing the guide 
path of the swinging lever through connection to a hand lever 
‚ or steam reversing gear. 


321. How is reversing effected with poppet valve-gears 2 
If a special backing eccentric and rod is fitted, then the 
reversal is accomplished by lifting the ahead eccentric rod up 
out of reach of the rock arm pin, while the other one is 
lowered until it engages the backing pin on the rock arm. 


322. What forms of links are in use on marine engines ? 
The slotted and the double bar link are the forms best 
known in marine practice. The slotted link has the eccentric 


162 QUESTIONS FOR MARINE ENGINEERS. 


pins below the circle of the link block pin and the suspension 
rod pin inthe end of the link. The double bar link has the ec- 
centric rod pins on the circle of the link block pin, either in 
the ends of the links or coinciding with the block pin in the 
extreme positions. The suspension rod pin may be, in this 
case, in the middle or end of the link. The double bar type 
is considered preferable for large engines of modern design, 
as being more accurate and less subject to wear. 


323. What is the slip of the link ? 

A peculiarity of link gears is a slight oscillating move- 
ment of the link on its block, called the slip. 

This should be kept as small as possible to prevent, or 
reduce, undue wear of the block. The position of the sus- 
pension rod pin is of great importance in guiding the link up 
and down in as straight a line as possible. 


324. What is the construction ofthe link, link block and 
pins ? 

The link is generally constructed of wrought steel bars, 
curved to the radius of their distance from the centre of the 
crank-shaft. 

The double bars are bolted together at the ends by collared 
bolts, and the pins are either forged on or are secured by tap- 
ping into the bar. The finished edges should be broad 
enough to give good bearing surface for the block brasses. 

Thelink block of wrought or cast steel has a pin for the 
bearing of the valve stem between two cheeks, which carry 
overhung lips for resting on the link bars. 

These lips are provided with adjustable wearing brasses 
that maintain a nice sliding fit of the block on the link. 


325. How are the other parts of the reversing gear con- 
structed ? 


The parts that transmit the reversing motion from the 
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hand lever or steam cylinder to the link should be stiff and 
rigid, to prevent any uncertainty in the action of the link. 

The suspension rods are of forged or cast steel in round or 
flat bar or I-section, with adjustable brasses on each end. 

The rock arms are made of forged or cast steel in flat or 
I-shapes. They are securely keyed to a rigid shaft with 
heavy bosses, while on the other end smaller bosses receive 
the pins for the suspension rods, 

These pins frequently slide in a slot, actuated by a screw, 
which allows a certain linking-up independently for each cyl- 
inder. The reverse shaft should be well supported in bear- 
ings, particularly near all the rocker arms, to prevent bending 
and deflection as effectively as possible. 


326. How is the lifting gear of the beam engine actuated 
and constructed ? 


. The toes of the lifting rods of the beam engine are actuated 
by curved cams keyed to a transverse shaft. Four cams are 
fitted, two for steam and two for exhaust. 

The oscillating movement is obtained from rocker arms, 
one on each end of the transverse shaft, the pins of which are 
engaged by hooks in the eccentric rods. 

Toes, cams and rocker arms are frequently of cast iron, 
while the shaft and pins are of wrought iron or steel. 

Тће curvature of the cams is such that the lift of toes, 
rods and valves is very small at the beginning, but rapidly 
rises to the maximum with the reverse action on the down 
movement. 


327. How is the lifting gear of the Western river poppet 
valve engine actuated and constructed ? 


The levers of this type of engine are actuated by cams, 
very similar to those used on the beam engine. 
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The cams and rock arms are made frequently of cast iron, 
while the levers and the shaft are of wrought iron or steel. 


Fie. 76.—Steam Reversing Gear, Used with a Marine Engine Equipped with the Stephen- 
son Link Motion. To the column, D, is attached the steam cylinder, C, which actuates 
the bell erank, B. One arm of this bell crank carries the reach rod, or link, R, whieh 
is connected, as shown, to the shifting link, L. The valve of the cylinder, C, is con- 
trolled by the hand lever, H; and when this is turned so as to admit steam to the bot- 
tom face of the piston, the bell crank, B, and link, R, describe the paths indicated by 
the dotted ares, thus shifting link, L, to the left, and reversing the action of the 
eccentric rods, EE, on the valve stem, S, of the main cylinder. Other lettered parts 
are: T. the tumbling shaft on which B is pivoted: G, guide rod on which the cross- 
head, Е, slides; I and I, cushion springs against which Е strikes, thus preventing the 
piston of C from striking the cylinder heads. 


328. What purpose do the eccentrics and eccentric rods 
serve, and how are they constructed ? 


The eccentrics and their rods transmit the revolving mo- 
tion of the shaft to the reciprocations of the valves. 
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An eccentric is only a short crank with a pin of very 
large diameter. 

The eccentric revolves in the strap, which is analogous to 
the crank pin brass of the connecting rod, divided and 
clamped by bolts, with distance pieces between the valves 
for easy fitting and taking up of slack after wear. The rods 
are an extension of the straps for connection to links, valve- 
stems or rocker-arms. 

The eccentric must be substantially held on the shaft by 
keys or set screws, and must be strong enough to transmit 
the bending movement of the eccentricity. 

The strap has to be proportioned for bending, while the 
rod for efficient transmission of thrust demands a section 
and sizes that rigidly preserve its form. 

The eccentrics are usually cast iron or cast steel sheaves 
of sufficient width to offer a good bearing surface. The straps 
are frequently of cast iron, lined with Babbitt metal, or of 
bronze in T-section. Little lips are often found on the sides 
of the strap that are intended to retain the lubricating oil 
longer between eccentric and strap. For small engines the 
straps and rods are found in one piece, while larger engines 
show the rods independent, bolted or tapped to the strap. 

The rods are made of wrought or cast steel in round, flat 
or I-sections. For link gears their upper ends receive bear- 
ing brasses that engage the pins or bolts in the links. 

The bearings should be split and bolted and amply large, as 
lubricating these pins is often not very convenient, and there- 
fore easily neglected. 

In beam engines the eccentric rods are of great length, 
and a rod built up of flat, wrought-iron bars in shape of a 
tapering lattice girder is found best adapted for attaining the 
end of rigidity. The extreme end is a solid bar, with a notch 
for hooking on to the rock arm pin. 


CHATTER SIXTEEN. 


THE MOVING PARTS OF A MARINE ENGINE, II. 


THE PISTON, FisTON ROD, CROSS-HEAD AND CRANK AND 
| LINE SHAFTS. 


329. What is the function of the moving parts that receive 
their motion from the cylinder pressure 2 
The cylinder moving parts transmit the pressure of the 
steam in the cylinder to the shafting. They are the piston, 
piston rod, cross-head and connecting rod, and are all subject 
to the severest strains of tension, compression or bending. 
Their bearing surfaces should be liberally proportioned and 
arranged for ample and uninterrupted lubrication. 


330. What is the function of the piston, and how is it con- 
structed 2 

The piston has to collect the uniform steam pressure in the 
area of the cylinder, and transmit it in concentrated form to 
the piston rod. It is loose all around its rim, but must still 

' be steam tight, in order to retain the excess of the live steam 
pressure on one side. 

For giving the piston this quality of tightness, expansive 
piston rings are employed, which are lightly pressed against the 
wall of the cylinder by springs or by theirown elasticity. The 
rings can slide radially between fixed, or removable, flat 
collars, or follower rings, that carry them along with the 
piston during its travel. Behind the gap of expansion in the 
ring a pad of the same width as the ring is fitted to prevent 


the steam from getting in behind the ring. 
167 
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The tap bolts of bronze, that hold the follower ring, have 
special square nuts of steel or brass fitted between lugs in the 
body of the piston. 

The piston is either a hollow body of cast iron, closed by 
discs, with stiffening webs between them or a solid conical 
body of forged or cast steel. The piston rod is fitted into 
the bore of the boss, usually with a steep cone to get thor- 
ough steam-tightness, and still make removal comparatively 
easy. 


Fic. 77.—Half-sectional Diagrams Showing the Construction of the Piston of a Но 
powered Steam Engine. 


331. What are the office and construction of the piston 
rod and the cross-head ? 


The piston rod transmits the thrust from the piston inside 
of the cylinder to the connecting rod outside of it. 

It passes, for this purpose, steam-tight through the stuffing. 
box in perfectly cylindrical shape, and its surface should be 
perfectly smooth, to prevent tearing of the packing material, 
Steel is usually employed for it, with coned seat for fitting the 
piston and a locked nut for preventing the piston from work- 
ing loose. The outer end of the rod is sometimes extended 
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into a guide sleeve or through a stuffing-box for better sup- 
port and more uniform wear of the piston and its ring. 

Stiffness is greatly to be desired in piston rods, as the wear 
in the stuffing-box and in the cylinder depends a good deal 
upon it. The end of the rod near the crank or walking beam 
is connected to the cross-head either by bolting, keying or 
strapping, or by forging them both in one piece. 

The cross-head of forged or cast steel guides the end of the 
piston rod in a perfectly straight line, and neutralizes the trans- 
verse reaction pressure of the connecting rods in the slipper 
guide. Itisof square orround section, with flat slippers or jaws 


“aN 


ae НЕ 
Fic. 78.—Cross-head Forged in One Piece with the Piston Rod. 


on one or both ends that rest upon the guides. The slippers or 
jaws are usually independent, and bolted adjustably to the cross- 
head. The bearing faces are fitted with Babbitt metal strips 
for better wear and easy renewal. The channels between the 
strips serve as oil grooves. Large surface is desirable on 
these slippers, particularly with short connecting rods, where 
the thrust is quite heavy. 

The cross-head either supports the pins for the upper con- 
necting rod bearing, or it forms the bearing in a slot, to 
which brasses, a cap and holding-down bolts are fitted, as to 
any other adjustable bearing. 
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332. What are the function and construction of the con- 
necting rod ? 

The connecting rod transmits the straight movement and 
thrust to the revolving crank, overcoming its tangential 
resistance. Severe bending, pulling and thrusting strains 
have to be overcome, and it is, therefore, usually of solid or 
hollow, round or I-section, as best able to resist these strains. 

With the long connecting rods of beam and stern wheel 
engines, the usual section, constructed in steel, proves either 
too heavy or too elastic for efficient thrust transmission. In 


Fic. 79.—The Crank Епа of a Marine Engine Connecting Rod. The numbered parts аге: 
пе crank pin E ДШ Ше ERA oon (2); the crank strap (3); the crank brasses (4); 

beam engines a truss is, therefore, added to the rod in the 

direction of its swing, adding greatly to the rigidity. 

The beam engine has, directly attached to the cross-head, 
two short connecting rods of usual construction that engage 
the pins of the walking beam. This walking beam, the 
special feature of the beam engine, rests with heavy pins in 
bearings on the top of the framing; and consists of a cast-iron 
centre, surrounded by a wrought-iron strap, carrying pins in 
either end for the connecting rod bearings. 

In stern wheel engines a wooden rod is employed of very 


large, round or octagon, section, gaining great stiffness with 
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light weight. An iron strapping is employed for transmis- 
sion of tension stresses and connection to the iron stub ends 
that carry the bearings. 

The upper end of the connecting pode is joined with a bear- 
ing to the cross-head by carrying either the pin or the bearing 
brasses. Generally the connecting rod end is forked. Great 
care must be exercised in fitting the pin, or the brasses, 
exactly parallel to the crank pin. 

Some engineers object to forked-end brasses, as being 
liable to heat from difficulty of alignment. 


Fic. 80.—Shaft Couplings, showing method of uniting two sections of the line shaft by 
flanges and conical bolts. At A in the left-hand figure is shown the key running 
diagonally through the coupling, to insure further security to the joint. 


The lower end bears the crank pin brass, one of the most im- 
portant bearings іп the whole engine. It is split and fitted with 
distance pieces, and the cap is held down to a broad foot of 
the rod with two strong bolts (see Fig. 79). 

Another bearing connection, to stub ends of connecting, as 
wellas eccentric, rods, is made by gibs and keys, that find 
great favor with many engineers. 

The nuts of all the important bolts in the moving parts are 
locked by set screw rings or lock plates, which obviate all 
possibility of the parts working loose. The brasses have а 
little side play on the crank pin between the webs to prevent 
binding and heating om small lateral movements ofthe crank 
shaft. 
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333. What are the functions and construction of the crank 
shaft and the line shafting 2 

The crank shaft transforms the reciprocating motion of ths 
connecting rod into a revolving motion, which is then trans- 
mitted by the line shafting to the propeller. The crank shaft 
is exposed to severe bending and twisting strains,and needs 
liberal support by bearings as well as ample strength. 

It is usually of steel, in either forged or built up construc- 


Fic. 81.—Details of a Crank Shaft, showing bearings and coupling faces. 


tion. The forged construction is lighter, while the built-up 
construction is more easily repaired. 

Large shafts for multiple cylinder engines are always in 
several sections, interchangeable, so аз to need only one spare 
section. In built-up cranks the webs should be well Кеуеа 
and shrunk to the shaft, while the pins are usually only 
shrunk in. 
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In modern engines, shafts,as well as pins, are frequently 
bored or forged hollow, saving weight and gaining in relia- 
bility of construction. 

The crank webs have a little play sideways between the 
bearings, so that all end thrust is taken up in the thrust bear- 
ing. 

Stern-wheel shafts have usually overhung cranks, while all 
other types have a web anda bearing on each side of the 
crank pin. 

The line shafting of paddle wheels is frequently only a 
direct continuation of the crank shaft, while in stern-wheel 
steamers the crank shaft and wheel shaft are the same. In 
screw steamers the length of the shafting demands sub-divi- 
sion into several pieces, of which the principal ones are: the 
thrust shaft, usually next to the crank shaft; one or more 
intermediate shafts, and the propeller shaft, passing through 
the stern-tube. 

The connection between these several shafts must be ac- 
complished very carefully, as not only torsional strains have 
to be transmitted by them, but also pulling and thrusting 
strains. The most. reliable construction is the forging of 
coupling discs оп the ends of the shaft, bolted together by 
conical or cylindrical bolts. Sometimes keys are fitted ad- 
ditionally between the flanges, embedded half in one and 
half in the other, to relieve the bolts of all shearing strains. 

The lengths of the different shafts depend largely upon the 
convenience of getting the shafts into or out of the tunnel, 
and through the hatches of the engine room. 

Provision must be made to draw the propeller shaft in- 
board, or to otherwise fit a removable coupling that allows 
the shaft to pass through the stern tube. Thisarrangement is 
frequently chosen for twin-screw steamers, where the out- 
board length of shafting may be considerable. 

The propeller shaft ends in a taper, with a large locked 


175 


PISTONS, CROSS-HEADS AND LINE SHAFTS. 


' ‘Зшааъ опцлеш 993 55ола шоа 0} sv os 
*(eoruoo ролод urq “1938M шолу 2913 зале deos 03 по ромолов әзпер sseJq [еошоо € SIH “0128 9qnj3 пләзз 
әцз озш рәмәләѕ st ‘О “әап eup "y ‘devo yoop рәзпер еш oq} 4810243 лоор urqeo 9943 uo suodo рие ‘g 3v 
do} xu*3 yeed оца 9500444 sessed qoruA ‘O “әйа qourT 993 4810344 ‘joy әпцл ‘рэхпо4 рое 19439303 рэпоа 
SI әлпўхїш эт, ‘deos 9405 Jo Хоподатвиоо әде Зшлъц ‘по рие рвој әзіцА "моје Jo оладхиџ в jo osn Аа 
потволлоә Зицоәләла уо роцјәш os[e ә гедәр Зшмоцѕ 'лоодола M9109 € Jo INL плода PUV 3јеце [reL—'eg ILA 


Бизлозилбид UD FY 


proses 


EL 


LEZ 


176 QUESTIONS FOR MARINE ENGINEERS, 


nut or key behind the propeller to prevent its working 
loose. 

The propeller shaft is covered in the bearings with brass 
sleeves, which sometimes extend over the whole surface 
touched by salt water. 

The shrinking, pinning and joining of the different parts 
must be executed with great care, and engineers have to ex- 
ercise extreme vigilance on inspection for any indication of 
corrosion under the sleeves. Where sleeves are used only in 
the bearings, twine or rubber covering or a thick coat of 
paint or tallow is employed for protection of the intermediate 
parts of the shaft. 


CHAPTER SEVENTEEN. 
OPERATIVE DETAILS OF A MARINE ENGINE. 


. 334. What are the operative attachments used on marine 
engines ? 
(т.) Stop and throttle valves. 
(2.) Pass-over valves. 
(3.) Relief valves. 
(4.) Steam jacket valves. 
(5.) Drain valves or cocks. 
(6.) Hand levers, arcs, shafts, connecting rods and brackets. 
(7.) Indicator gear. 


335. What are the functions of the stop and throttle 
valves ? 

The stop valve is for complete closing-off of the steam from 
the engine, while the throttle valve is for the regulation of the 
steam supply for sudden and irregular changes. 

The characteristic of the regular stop-valve is tightness, 
while that of the normal throttle, or butterfly, valve is rapidity 
of action. Frequently a combination is made into one valve 
of the double poppet or swinging slide type that is sufficiently 
tight to prevent leakage of steam into the engine, while easily 
handled for rapid adjustment to changes. 

The stop-valve is arranged in the same manner as the regu- 
lar boiler stop-valve, in angle form, with flanged casing, cover, 
valve-seat, valve stem, bridge, stuffing-box and hand-wheel. 

The throttle-valve in its simplest form is a straight tube 
with a swinging disc held by set screws on a stem across the 
tube. Frequently this butterfly valve is arranged in the stop- 


valve casing to save space and weight of flanges and bolts. 
177 
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The combination double poppet valve has the casing so ar- 
ranged as to permit the steam to flow freely to both valves. 
In its arrangement of the cover, the valve seats, the valves 
and distance pieces, it is very similar to the poppet valves of 
the beam engine. The stem leads outside of the casing 
through a substantial stuffing-box to the hand lever connec- 
tion. 

Another form of combination stop and throttle valve is the 
swinging valve, either with a cylindrical slide or with a coni- 
cal plug. The casing resembles that of an angle valve with 
cover, flanged inlet and outlet, stem and stuffing-box. The 


Ета. 84.—Longitudinal and Transverse Sections of a Butterfly Throttle-valve. 


stem rotates around its axis, swinging the valve across one or 
more rectangular ports. 

With two or more ports it can fulfil the office of intermedi- 
ate, or low-pressure, cylinder starting valves. For this purpose 
small holes through the slide connect, at the half-open posi- 
tion, with the respective auxiliary ports, which, however, are 
closed in the full open position. 


336. What is the function of the pass-over or starting 
valves 2 

The pass-over, or starting, valves serve the purpose of en- 

suring prompt starting of the engine, whenever steam is 

turned on. Particularly in multiple cylinders they areneeded, 
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as with the high-pressure crank оп the dead centre, а certain 
steam supply is required for the intermediate, or low-pressure, 
cylinders, where an effective crank angle is offered. 
Sometimes all cylinder valve chests have a starting valve, 
while usually one is considered sufficient for promptness of 
handling. If independent from the main throttle-valve they 
are flat, slide, or common globe valves. For single cylinder 


Ета. 85.—Section Through a Double-seated Throttle-valve. 


engines they are sometimes fitted ineach end. With the beam 
engine steam can be given at any desired time by the hand 
gear that operates the main valves. 


337. What are the duty and construction of the relief valves 2 
The relief valves are safety valves, and are fitted to prevent 
the steam pressure from exceeding a certain fixed point, at 
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which they blow off. They are fitted usually to the top and 
bottom of the cylinders, and one to each valve chest or re- 
ceiver space. The springs are arranged to be adjusted to de- 
sired changes in the pressure. The relief valves are fre- 
quently arranged in a casing to prevent the hot water or 
steam from scalding the attendants. 


338. What are the duty and construction of the jacket 
valves 2 

Where steam-jackets are employed for preventing conden- 
sation, or for warming the cylinders, special valves are ar- 
ranged for admission of steam, as well as for the draining- off 
of the condensed water. The latter are sometimes set so that 
they just keep the water out of the jacket, but pass no meas- 
ureable amount of steam. They are usually common angle 
valves screwed, or bolted, to bosses, or facings, on the cylin- 
der casing. 


339. What are the use and construction of the drain valves 
or cocks ? 

The drain valves or cocks fill the important duty of remov- 
ing the water that condenses in the cylinder, valve-chests or 
receivers. They should be fitted to the lowest point of all 
spaces or pockets where water could collect. They are some- 
times arranged as automatic steam-traps, which open when 
water lodges in them, and close as soon as steam begins to pass. 

They are regular angle valves. or packed cocks with pipe 
connections, that preferably lead to the condenser instead of 
to the bilge, and which thereby save all the fresh water and 
guard the vacuum against air entering through the low press- 
ure cylinder. 


340. How are these auxiliary valves operated ? 
АП the auxiliary valves are, as far as practicable, operated 
from the working platform which serves as a stand for the en- 
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gineer, whence he can overlook practically the whole engine; 
see the different gauges connected to the boiler, the receivers 
and the condenser, also the cock and the revolution counter. 

A stand is provided on the platform, with hand levers, 
swinging along arcs to which they can be clamped in any de- 
sired position. These hand levers are joined by connecting 
rods, sometimes through transmission by shafting, to rocker 
arms on the stems of throttle valve, passing valve, drain 
cocks, engine reversing valve and injection valve. Without 
léaving his place, the engineer is thus in full control of the 
engine. 


341. What is the use and construction of the indicator 
gear? 

The indicator gear is for producing the indicator cards that 
give the steam pressure atany position of the piston, as well 
as showing more or less clearly the beginning of any one of 
the four periods in the steam distribution. The gear consists 
of the valve and pipe connection, from the cylinder to the in- 
dicator itself, and of the lever transmitting the motion of the 
piston, through the cord to the barrel that holds the card. 

The pipes lead at either end, through an angle valve, into 
the clearance spaces, and are joined at the centre by a three- 
way cock, connecting through an angle to the indicator, in 
'such a position that an easy and direct lead of the cord may 
be arranged. 

The lever is usually driven from the cross-head through а 
long arm and connecting rod. The short arm or small sheave 
reduces the swing sufficiently to permit direct driving of the 
barrel by the cord. 
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Ета. 85A.—Several Varieties of Tools Included in the Outfit of a Steamship. А to D ате 
condenser packing tools and hooks; E, a caulking tool; F, a gasket chisel; G, a 
boiler tube expander; Н, a set of taps and dies for making male and female threads 
on nuts, bolts and pipes. (See Appendix.) 4 


PART FOUR. 


PROPELLER WHEELS. 


CHAPTER EIGHTEEN—PADDLE WHEELS AND SCREW PROPELLERS. 


CHAPTER—EIGHTEEN. 
PADDLE WHEELS AND SCREW PROPELLERS. 


342. What is the office of the propeller ? 
E Тһе propeller is the agent that, under the influence of the 
power transmitted to it by shafting, exerts, obliquely or di- 
rectly, a pressure or thrust against the water and thereby, in 
reaction, pushes the ship ahead. 


343. What is required in propellers for exertion of this 
pressure or thrust ? 
A certain surface is needed in all propellers to secure suffi- 
cient reactionary thrust from the water. 


344. What is slip 2 

Water, being liquid, is easily displaced sideways; if a plane, 
therefore, exerts a thrust against it, it will recede more or less 
in the direction of this pressure. The receding is called the 
slip of the propeller and is usually expressed as a percentage 
of the advance that would have been accomplished, if no slip 
had taken place. 


345. What influences the magnitude of the slip 2 

The slip is influenced by the surface and by the speed with 
which this surface travels through the water. 

If acertain pressure is required to propel a ship at a given 
speed, a large total surface will have less pressure per unit 
than a small total surface, and the slip will consequently be 
less. Also, if the speed of the surface is high there will be 
less time, proportionately, for the action of the surface unit on 


the water than, with low speeds, and, therefore, less time for 
185 
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fully overcoming the inertia of the water, and accelerating it 
sternward. 


` 346. Is а small slip considered advantageous for propul- 
sion 2 
Too small a slip occasions loss of power through excessive 
friction. The best economy seems, in the average, to be re- 
alized with about twenty per cent. slip. 


347. What kinds of propellers are in use 2 

Aside from the jet propeller, for special cases, the most im- 
portant propellers of commercial usefulness аге : 

(1.) Paddle-wheel propellers. 

(2.) Screw propellers. 


348. What are the characteristics of the paddle-wheel pro- 
peller 2 

The paddle-wheel propeller immerses only the lower part 
of the arms with the buckets, while the whole upper part of 
the wheel with the shaft is always above water, giving thus 
convenient access for inspection and repairs with the ship 
afloat. But the wheels, being built up from a large number of 
parts, bosses, arms, buckets, etc., are exposed to derange- 
mentand injury from floating objects, ice, collision, etc. 

For sea service the paddle-wheel has been superseded al- 
most entirely by the screw. The wheels do not work well in 
a seaway on a rolling ship, with one wheel dipping deep and 
the other out of water alternately, andthey are also very sen- 
sitive to large variations of draftthat change the dip. They 
retain their position, however, in smooth and shallow water 
navigation, particularly in passenger boats with more or less 
constant draft and dip. The peculiar stern-wheel form could 
hardly be superseded by any other propeller on the shallow 
draft, where, at the same time, such powerful action is re- 


quired. 
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| 349. What are the characteristics of the screw propeller ? 
The screw propeller is totally immersed for efficient service, 
being thus inaccessible for inspection and repairs while the 
ship is afloat. Its shaft connections require stuffing-boxes at 


Fic. 86.—Quarter Section of a Radial Paddle-wheel, showing details of construction. 


the point of entrance into the ship, but, in spite of this com- 
plication, its simplicity makes it quite indifferent to small, 
floating objects, ice, etc., while its submerged position pro- 
tects it from outside influences. ЈЕ is, thus, the propeller 
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fitted for all sea-going vessels, as it is not influenced by roll- | 
ing, although somewhat affected by pitching of the vessel, | 
and can be used with advantage under greatly varying con- | 


dition of draft. 
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Fig. 87. —Transverse Section of a Radial Paddle-wheel, showing arrangement and method 
of attaching the floats from the axle to perimeter. 


In the arrangement of twin and triple screws, it can be 


used for fairly shallow draft; such subdivision, at the same 
time, preventing a complete breakdown of the machinery. 


Ae. 
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350. How does the paddle-wheel propeller accomplish its 
work ? 

The thrust-exerting surface in paddle-wheels is arranged 
at the circumference of the wheel, in the form of floats, that 
are drawn through the water by the revolutions of the 
wheel. 


851. In what direction do the floats exert the pressure 
against the water ? 
The floats press horizontally against the water in the cen- 
tral position, depressing it in the entering, and lifting it in the 
leaving position. 


352. Аге all paddle-wheels alike in their action upon the 
water ? 
No; paddle-wheels can be divided into two classes, accord- 
ing to their action upon the water : 
(1.) Radial wheels. 
(2. Feathering wheels. 


353. What affects the depressing and lifting action of the 
wheel on the water ? 

The dip and the diameter of the wheels affect its action upon 
the water. 

The smaller the dip the less the depression and lifting of 
the water, and the larger the diameter the less the deviation 
from the vertical іп the same number of floats in the 
wheel. 


354. What are the characteristics of the radial paddle- 
wheel? 

The radial paddle-wheel has its floats, or buckets, immov- 
ably fastened to radial arms. It is, therefore, desirable to have 
the dip as small or the diameter as large as possible for easy 
entering and leaving of the water by the floats. The dip in 
good, modern radial wheels is, therefore, only about 12 to 16 
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per cent. of the outside diameter of the wheel. To secure a 
good grip upon the water, three or more floats are immersed 
at the same time, and the distance between them is about three 
to four feet for average cases, 


[] 


Епа. 88.—Side Elevation of a Feathering Paddle-wheel, showing details of construction, 
The figured parts are: The main shaft (1); the bosses (2); arms (3); float brackets (4): 
floats (5); pivoting pins (6); radius rod (7); king rod (8); eccentric pin (9); bracing (10) 
rim (11). 


The radial wheels are liable to pound upon the water 
noisily, making a low number of revolutionsand a long stroke 
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engine desirable. Their simple construction, however, en- 
ables them to endure heavy service, as the shaft runs through 
the wheel to an outboard bearing, giving thus substantial 
fastening and support for several arm bosses. 


Ев. 89.—Transverse Section of a Feathering Paddle-wheel, showing attachments and 
positions of floats. The numbers correspond to the same parts as in Fig. 87. 
There are no movable parts in radial wheels, and the 

wooden floats are bolted to the arms in a very simple man- 

ner that allows an easy repairing or replacing. 
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355. What are the characteristics of the feathering paddle- 
wheel P 

The feathering paddle-wheel has its floats connected mov- 
ably to the arm, so that they are guided by levers into a 
position favorable for exerting the greatest thrust with the 
least depression or lifting of the water. 

This guiding enables the diameter to be quite small, while 
the dip can have а value of 20 to 24 per cent. of the outside 
diameter. The distance between the floats is usually about 
б feet. 

Feathering wheels work quite smoothly, and are run at a 
higher number of revolutions than radial wheels. The con- 
struction is complicated, owing to the pivoted floats and the 
moving mechanism of a series of radius rods, one for each 
float, revolving around a fixed eccentric pin on the outboard 
side of the wheel. This mechanism does not readily permit 
the shaft to run through, thus leaving the wheel overhanging 
on one side of the bearing. Therefore, even with a good 
diagonal bracing, the wheel is never so rigid as a radial wheel. 


356. How are paddle-wheels constructed ? 


Paddle-wheels are constructed with the following parts: 
(1.) Bosses. 

(2.) Arms, with rims and braces. 

(3.) Floats and their moving mechanism. 


357. How are the bosses constructed ? 

The bosses furnish the connection between the arms and 
the shaft. They form essentially a cylindrical sleeve, keyed 
to the round, or octagonal, shaft and discs, for the attach- 
ment of the arms, and are made of cast iron, semi-steel or cast 
steel. To facilitate fitting and repairs, they are often made in 
halves, with bolted flanges and wrought-iron rings around the 
sleeves as reinforcement. The discs are stiffened by webs, 
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| between which the arms are tightly fitted and bolted to the 
discs. 

For side and stern radial wheels three or more bosses, with 
straight discs, are fitted for each wheel, while for feathering 
wheels only two bosses, with inclined discs, are fitted in each 
wheel. 

358. How are the arms constructed ? 
The arms transmitting the motion to the float are con- 
structed of wood or iron, securely attached to the bosses, 
united by rims, and held rigidly in position by diagonal braces. 

To resist the bending strains of the power transmission 
they are of rectangular section, with the largest dimension 
circumferentially. The iron arms have often rim lugs and 
float pin bearings welded on, or are constructed from shapes, 
like channels, with riveted diamond plates for rim connec- 
tions, while the pin bearings are castings of steel, riveted to 
the arms. 

The rims are usually flat bars or shapes, the braces being 
of round sections, with forged palms for the rivet connec- 
tions. The wooden arms and braces give the whole structure 
a certain elasticity and ease of repair, while the iron ones 
secure much greater strength and longer life. Steel con- 
struction is universally employed for feathering wheels. 


‚359. Howare the floats and their mechanism constructed 2 

The floats have to exert the thrust against the water. They 
should be strong enough to transmit the power received from 
the arms without bending or buckling. For the floats of 
radial wheels wooden boards are used, and are usually quite 
rigid at the desired strength. For feathering wheels, where 
thin sheet steel is employed, the stiffness of the floats is often 
obtained by curving them slightly, with stiffening angles on 
the short edges. 

To secure the smallest shock in radial wheels the floats are 
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fitted in halves, radially or laterally. The so-called “ Ma- 
honey” buckets are fitted obliquely between the sets of arms, 
gaining thereby a more gradual immersion than parallel ones. 
The wooden floats are clamped to the arms by a hook, or 
through bolts with washers under the nuts. 

The floats of feathering wheels are supported by pins, 
which complete the hinge connection between the brackets 
on the float and the brackets on the arms. One of the cast- 
steel float brackets has a long lever cast on that connects with 
a pin to the guiding radius rod and, by its position, holds the 
float, so that it passes through the water nearly square to the 
direction of advance, witha great gain of power and a great 
reduction of shock and wear. 

The radius rods all connect to a centre, that revolves 
around a pin placed at a certain distance forward of the 
centre of the wheel. The radius rods are jointed to this centre 
by pins, except one, the so-called king-rod, that is rigidly 
bolted to the centre, carrying it around the pin in a position 
fixed in relation to the wheel. 

The pin itself is attached to the outboard guard beam with 
a bracket. 

The bearings of all pins require a large surface and great 
strength, as they are not adjustable and are without oil lubri- 
cation, while subject to wear and grinding by sand or grit 
and severe shocks or injury by floating objects. 

The pins are fitted with brass sleeves for salt water service, 
while left without them for fresh water. The bearings are 
lined with strips of lignum vitz or Babbitt, preferably in mov- 
able sleeves, that allow a quick replacement by spare ones. 


360. How does the screw propeller accomplish its work ? 


The thrust-exerting surface of the screw propeller is pro- 
vided with radial, oblique blades, that revolve around the 
centre of the shaft. The blades, through their twist, advance 


E 
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Ein revolving as does a screw іп a nut. Being totally im- 
mersed, every part of the blade is thrusting surface, gaining thus 
a strong grip upon the water from a comparatively small wheel. 


361. How is the obliquity of the blades expressed 2 
The obliquity of the blades is expressed by the advance that 
the screw would make in one revolution without any slip, and 
this axial advance is called the pitch, which is measured in feet. 
With uniform pitch the obliquity of all parts of the blades 


Fic. 90.—Constructional Details of a Screw Propeller. 


tends toward the same point, making the twist in all parts 
‚пеаг the boss more pronounced than in those near the cir- 
cumference of the wheel. The pitch is called right hand 
when an observer behind the wheel and looking forward sees 
the propeller upon advance turn with the hand of the watch, 
and it is called left hand if the wheel turns counter to the 
hand of the watch. 


362. To which dimension of the wheel is the pitch propor- 
tioned ? 

The pitch is proportioned from the outside diameter of the 

wheel, as practice has indicated that the ratio between the 
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two gives the best working usefulness of the screw. The 
extreme limits of this ratio can produce no advance of the 
ship at all, as no pitch would place the blades exactly in the 
transverse plane, while an infinitely large pitch would place | 
the blade fore and aft, so that, in revolving, they would only 
churn the water like a centrifugal pump. Intermediate values, | 
making the pitch between one and two times the diameter, 
are found to produce the best results. 


363. Isthe pitch always the same for all parts of the blade ? 


No; screw propeller wheels are built, that have circumfer- 
E als or radially increasing pitch. 

It is doubtful, however, if they are more advantageous than 
propellers with uniform pitch. 


364. What different kinds of screw propellers are in use > 


A great many different characteristics can be made accord- 
ing to 

(1. Number of the blades, as two, three or four bladed. 

(2.) Outline of blades, as elliptical, square or other outlines. 

(3.) Position of blade on boss, as straight or inclined back- 
ward, as curved axially or circumferentially. 

There are numerous other small distinctions. 


365. Do these differences exert an influence upon the effi- 
ciency of the propeller ? 

A certain style may prove desirable for special conditions, 
but for general conditions they have a very small influence, 
if any, upon the usefulness of the propeller. 

The number of blades usually preferred is four for single 
screw and three for a twin screw arrangement. 


366. What are the important points that affect the use- 
fulness and efficiency of the propeller ? 


The surface should be sufficiently large and so distributed 
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as to realize the needed thrust with about 20 per cent. slip at 
the revolutions best suited to the engine. 

The diameter should be large enough to accommodate the | 
needed surface, without crowding the blades too close to- 
gether, and should suit the particular requirements of the 
ship. 

The pitch is determined by speed revolutions and slip, and 
should be in favorable proportion to the diameter. 


367. How are the strength and durability of screw pro- 
peller blades affected by the material ? 


The materials used for screw propellers are bronze, forged 
steel, cast steel and cast iron. The strength of the blade 
should be ample for rigidity, as the outlying parts of the 
blade, particularly around sharp corners, offer upon deflec- 
tion a greatly increased friction to passage through the 
water. 

Bronze isa material well suited to the construction of a screw 
propeller. Its strength permits the blades to be quite thin, with 
sharp edge, thus offering small eddy resistance to the passage 
through the water. Its immunity from corrosion through salt 
water preserves a smooth surface in the water with the least 
friction, and gives the blade an almost unlimited durability. 
.However, upon striking floating objects, its tenacity may 
prove undesirable, as the blades do not break but bend, pos- 
sibly in such direction as to injure the parts of the hull. 
Forged steel possesses the same advantages as bronze, but 
cannot be so readily manufactured. Cast steel possesses good 
strength, but not much durability, as pitting, particularly on 
the back of the blade tips, sets in quite strongly, sometimes 
thoroughly honeycombing the outer end of the blade. 

Cast iron does not possess great strength and requires a 
construction of much greater thickness, with correspondingly 
greater resistance. Its durability, as regards pitting and cor- 
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rosion, proves better than cast steel, but not as good as 
bronze. An advantage of cast iron may occasionally be its 
brittleness, as it breaks off clean, upon striking an obstacle, 
without injury to any part of the hull. 


368. How is the screw propeller constructed ? 


The screw propeller is usually constructed in two ways: 

(1.) Loose blades bolted to the boss. 

(2.) Blades and boss cast in one piece. 

The former type frequently has bronze blades on a cast 
steel boss, while the latter is usually wholly of cast iron, cast 
steel, or in small sizes of bronze. 

The loose blades permit replacing a damaged blade bya 
new one, while injury to a solid propeller always necessitates 
an entire new wheel. 

Circular flanges are cast on the loose blades, fitting into 
recesses of the boss and held by strong studs and nuts. The 
nuts are set into recesses, over which light cover plates or 
cement are fitted to make a smooth surface of the boss, with 
the least resistance in the water. 

With the loose blades a small adjustment or alteration of 
the pitch can be effected by making the flange bolt holes 
oval. 

The casting of blades is done either from a pattern or they · 
аге swept up in sand or loam around the centre of the boss. 
The boss is bored to suit the taper of the propeller shaft, and 
is usually hollowed by coring, to prevent excessive weight. 
The forward end of the boss usually fits, water-tight, over the 
after brass sleeve, to prevent corrosion to the steel shaft. 

A conical fair leader sleeve covers the nut on the end of the 
propeller shaft, preventing corrosion of the end of the shaft 
and making an easy delivery of the water from the boss. 
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AUXILIARY APPARATUS: 
THEIR FUNCTIONS AND OPERATIONS. 


CHAPTER NINETEEN—AUXILIARY APPARATUS OF A MARINE ENGINE. 


CHAPTER NINETEEN. 
AUXILIARY APPARATUS OF A MARINE ENGINE. 


369. What is the function of the condensing plant ? 


The condensing plant cools the exhaust steam from the 
last cylinder to a temperature so low that it is reduced to 
water. The water thus obtained occupies a much smaller 
space than the steam before condensation, leaving a partial 
vacuum, which is equal to a reduction of the back pressure in 
the last cylinder. 

The water must be removed by a pump, however, to pre- 
vent filling up of the condensing plant. This pump at the 
same time performs the office of removing any air that might 
easily be disengaged from the water, under a partial vacuum, 
and, on accumulation, would soon destroy the vacuum. 

This pump is called the air pump. 


370. What systems of condensation are in use? 

Two systems of condensation are employed, according to 
the advisability of mixing the cooling water directly with the 
, exhaust steam or not: 

(т.) Surface condensation. 

(2.) Jet condensation. 


371. What are the characteristics of surface condensa- 
tion ? 

Surface condensation does not mix the cooling water 
directly with the exhaust steam, but subdivides the condenser 
into two parts, one for the exhaust steam, the other for the 
cooling water. The subdivision is thoroughly steam, air and 


water-tight, and is arranged as a large surface in the form of . 
203 
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tubes, so that the cold water may effectively and rapidly 
reduce the exhaust steam to water. 

The air pump of. а surface condenser must remove the 
accumulated air and the amount of condensed water, while a 
special pump is provided for the circulation of the cooling 
water over and through the tube surface. 

The surface condenser is employed on ships for salt water 
navigation, as the condensed water is thus kept fresh, and can 
be used as feed water for the boilers, to which under mod- 
ern conditions salt water feed would prove highly injurious 
and not economical. A surface condenser may prove desir- 
able also in very muddy fresh water, which, if used for feed, 
would fill the boiler with deposit and scale, to the detriment 
of the steaming capacity. 


372. What are the characteristics of jet condensation P 


Jet condensation mixes the cooling water directly with the 
exhaust steam. 

There is only a single chamber in the condenser, into which 
the cooling water is passed in form of a spray directly 
under the entrance of the exhaust steam, securing thorough 
intermingling of the two. 

The air-pump in this case removes the air, the condensed 
water, and also the cooling water. 

No special circulating pump is needed, as the excess of the 
atmospheric pressure over the vacuum forces the water, 
through the pipe and the spraying nozzle, into the condenser 
chamber. The jet condenser is employed for fresh water navi- 
gation, where a part of the water delivered by the air-pump | 
can be utilized for feeding the boiler, without endangering its’ 
safety or efficiency, through formation of scale or incrustation. 
It is extensively employed on the Great Lakes and the rivers of 
the Eastern coast. 
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373. What are the arrangement and action of the surface 
condenser 2 


The surface condenser is a shell for the reception of the 
steam, usually о round or box shape. It is traversed longi- 
tudinally by one or more systems of tubes ; closed at the end 
with tube plates for the support of the tubes, and with hollow 
bonnets or chests for the cold water circulation. 

The exhaust steam enters at the top, and after passing over 
the cold tubes is drawn off as condensed water at the 
bottom by the air-pump. The steam is directed in its down- 
ward passage by baffle plates, which secure a complete utiliza- 
tion at the cooling surface of condensation. A certain space 
is left in the botton of the condenser for the accumulation of 
the water below the cooling surface. Direct touch of the 
cooling surface would chill the condensed water more than is 
necessary or desirable for its use as feed water. 

The cooling water circulation is arranged through the end 
covers, so that the coldest water enters at the bottom, meeting 
the steam at the lowest temperature, and the warmest water at 
the top, meeting the hottest steam. The cooling water passes 
through the condenser usually twice, going from the inlet : 
through the lower tube system to the other cover and back to 
the outlet in the first cover through the upper tube system. 


374. What are the arrangement and action of the jet con- 
denser ? 

Тре jet condenser is usually a vertical, barrel-shaped vessel 
that receives the exhaust steam at the top. 

The cooling water enters, generally at the side, flowing 
through an internal tube into the spraying nozzle. 

In discharging through a large number of small holes & 
thorough intermingling with the steam takes place, producing 
a quick condensation, while falling to the bottom of the con- 
denser for removal by the air pump. 
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Fic. 93.—А Туре of Jet Condenser, with Vertical independent Air Pump. 
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The curved internal tube and nozzle are usually of cast iron, 
with a large flange bolting on the outside to a face of the con- 
denser, thus allowing removal of the tube and nozzle and 
access to the interior of the condenser. 

The injection cock or valve frequently bolts to the same 
large flange. 


375. How is the shell of the condensers constructed 2 


The shell of all condensers must resist the excess pressure 
of the atmosphere above the vacuum, and, for this purpose, 
must be tight and rigidly strong. In jet condensers a barrel- 
shaped form of cast iron easily provides the necessary strength. 
The jet condenser is small in size and round in section, which 
facts allow the necessary strength to be conveniently obtained. 

In surface condensers the shell is frequently of cast iron in 
cylindrical or box-shaped sections, which must be stiffened by 
ribs and webs on all flat surfaces to prevent collapse. 

In modern plants, condenser shells are often built from sheet 
steel in cylindrical shape, with stiffening rings around them. 
For naval vessel the shells are cast in brass, or built up from 
composition sheets, to save weight and prevent corrosion and 
galvanic action upon an iron shell. 

Nozzles are cast or riveted on for the connection of the 
exhaust pipe at the top and the air-pump suction at the 
bottom. 

Frequently surface condensers are built into and form part 
of the framing and the bed plate of the engine, in which case 
the shell has facings, lugs or flanges, for attachment to the other 
parts ofthe framing. Where the condenser is independent, lugs, 
brackets or flanges must be provided for secure attachment to 
suitable foundations. 

The inside space is subdivided by baffle plates to guide the 
steam in its course over the tubes. 
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| Hand-holes іп the lower part are frequently provided for 
cleaning, fitting, zinc plates, etc. 

Nearly all surface condensers have a salt water connection, 
in order that they may be used as jet condensers, in case the 
circulating pump should break down. 

Surface and jet condensers sometimes have suction connec- 
tions to the bilge, which allow the air-pump to be used for 
pumping large quantities of water from the hold in case of a 
leak of the ship. 

To establish a vacuum in a surface condenser, with inde- 
pendently driven air and circulating pump, a steam connection, 
the “bleeder,” is made to the condenser shell. This bleeder 
also takes care of the steam blown off through the safety 
valves, to save the steam for fresh water and avoid the noise of 
blowing off. 

Another fitting of the surface condenser is a cock and funnel 
to inject a soda solution into the condenser. The soda solu- 
tion upon boiling cuts from the outside of the tubes all fatty 
and greasy matter, which might decrease their heat-absorbing 
capacity. 

Drain cocks are provided in the lowest parts of the con 
denser, to prevent injury by freezing of retained water on lay- 
ing up the machinery. 

To neutralize galvanic action that might injure the iron 
shells, zinc slabs are often fitted in the interior of the con- 
. denser. 

Cement is sometimes applied to the bottom of the con- 
denser for preservation, as well as for making an easy and free 
drain to the air-pump suction. 


376. How are the tubes constructed and fitted ? 


The tubes offer a large cooling surface for thorough circula- 
tion of the steam over them. Being crowded quite closely, it 
is advisable to omit some of the rows of tubes, in order to 
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allow more ready circulation of the steam between them. 
The excess pressure being on the inside, the circular form is 
best adapted for this work. TES | 

The tubes of modern surface condensers are of brass, fre- ї 
quently tinned, packed in the tube plates to allow for expan- 
sion under the heat of the steam. The tubes should not be 
too light nor too long, to prevent sagging under their weight. 
If a long condenser is necessary, supporting plates are fitted 
in the middle of the length of the tubes. The diameters most 
frequently used are five-eighth and three-fourth inch outside 
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diameter. Materials having the least galvanic reaction upon 
iron are desirable. 


377. How are the tube packings constructed and fitted ? 

The tube packings should be thoroughly tight, while, at the 
same time, easily made and quickly replaced. The imperative 
demand for pure, fresh feed water for the boiler has done away 
with all the cheaper kinds of tube packings, and only two are 
now of commercial importance : 

(1.) Wood packing. 

(2. Wick and gland packing. 
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The wood packing consists of a small, soft, wooden sleeve, 
which is pushed into the smooth hole of the tube plate, over the 
tube end, in а compressed condition. After being wet by the 
steam and water, it swells considerably, thus clamping the tube 
tightly on the inside, while pressing strongly against the tube 
plate. Outside of the tube plate, where free to swell, it should 
form a slight collar around the opening. 

With sufficient previous compression, the wood sleeve 
proves amply able to preserve a tight joint. It has the ad- 
vantage of being cheap, easily made and quickly applied, but 
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it is reported that it does not prove very durable after long 
‘periods of inactivity of the condenser. 

The wick and gland packing requires a recess in the tube 
plate, around the tube opening, tapped for reception of a 
screwed gland that slips over the tube end, compressing into 
the bottom of the recess several strands of lampwick packing, 
which cramps the tube tightly. 

The outside end of the gland is sometimes contracted, thus 
preventing the tube from crawling out of the tube plates. 

The gland packing is expensive and somewhat tedious to 
make, but proves in the end the more durable and lasting 


912 QUESTIONS FOR MARINE ENGINEERS. 


variety. The condenser is always ready to commence work 
again, even after long laying-up. 


378. How are the tube-plates arranged and fitted ? 

The tube-plates support the tubes and provide for the 
water-tight access of the circulating water to the inside of the 
tubes. At the same time they close the ends of the shell 
steam-tight, being attached to the shell flanges by numerous 
bolts, preferably made of brass or Tobin bronze, to prevent 
corrosion. 

The tube plates are now almost universally of brass, thick. 
enough to afford a good bearing for the tubes and their pack- 
ing, and strong enough to stand the excess pressure of the atmos- 
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Fra. 96.—Three Styles of Serew-gland for Packing the Tubes of a Surface Condenser. 


phere without deflection. For large tube plates stays may be | 
necessary to secure the needed rigidity. 


379. How are the water chests arranged and fitted ? 

The water chests guide the circulating water to and from 
the tubes. They are under no excess. pressure, except from 
the head of the water outside of the ship, and are, therefore, 
easily kept tight in the tube joints and around the flanges, 
which are generally fastened and held to the shell by the same 
set of bolts that hold the tube sheets. For the common аг- 
rangement of two nests of tubes, with the water returning to 
the first chest, there must be a substantial sub-division into 
inlet and outlet chamber, while the back chest contains but one 
space. 
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„Саге should be exercised that the circulating water passes, 
as far as possible, through all the tubes. 

The chests should contain по pockets for possible accumu- 
lation of air or dead water, which would prevent the circula- 
tion, and allow the steam to heat the affected tubes and spoil 
. the vacuum by leakage. Air and drain cocks should be pro- 

vided, so that a complete removal of air, while used, and of 
‚ water, when unused, may be effected. 

Hand and peep holes, as well as large covers, in the front of 
the chests are fitted to give access to the tubes, without re- 
moving the whole chest. Chests and large covers are fitted 
with lugs for lifting appliances, which greatly facilitate the 
removal. 


380. What special forms of condenser are found in marine 
practice ? 

A. special form of jet condenser is the ejector condenser, a 
nozzle system of the injector type. 

Some forms of surface condensers attempt to do away with 
a special circulating pump, and circulate the cooling water 
over the condensing surface by the velocity of the ship. 

In small launches the whole condenser of pipe form is hung 
outside the boat alongside of the keel. In larger boats of high 
speed a scoop, on the outside of the hull, throws the water 
through a pipe of easy lead, through the tubes and out of 
. another pipe in the after part. 


· 381. What is the duty of the air-pump 2 


The duty of the air-pump is to remove the air and water 
from the condenser. In jet condensers it also removes the con- 
densed water and the cooling water, while in surface conden- 
sers only the condensed water is pumped. 

The jet condenser air-pump must, therefore, pump and 
remove a much larger quantity of water and air than the 
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airpump of the surface condenser, and is for this purpose 
larger, unless the latter is arranged to work jet-condensing in 
an emergency. 


382. What type of air-pump is generally used ? 
The vertical, single-acting air-pump is generally employed 


Discs of Rolled Manganese Bronze V4 thick, 
10 Holes 3 dia. in lower disc. 
8 Holes }¢"dia. in middle disc. 
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Fic. 97.—Detail of Improved Air Pump Valve, as used оп the U. S. Cruiser * Denver " 
indicating constructive materials and dimensions. 


as the most efficient type; it has entirely superseded the 
horizontal, double-acting pump formerly used. 


383. What are the parts of the vertical air-pump ? 

(1.) The, barrel, the suction channel-way and the cover with 
delivery channel and hot well. 

(2.) The bucket, or piston, with its valves, the ONIS 
and the head-valves. 
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Fic. 98.—Vertical Air Pump Used in Connection with the Condensers of Marine Engines. 
The lettered parts are: A, ће bucket or piston; B, the barrel; C, the foot-valves; 
D, the bucket-valves; E, the head. 
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384. How are the stationary parts of the air-pump con- 
structed ? 


The suction channel-way is arranged at the lowest part of 
the condenser, so that the water can be readily and completely 
removed from it. It is often а part of the condenser shell or 
otherwise bolted to it; and, being usually of cast iron, must be 
strong enough to withstand the full atmospheric pressure. 
As it usually supports the foot valves, all joints and valve-seat 


division plates should be fitted in a thoroughly air-tight man- 
ner. 


The barrel connects generally to a flange or facing of the 
channel-way, and is constructed in composition or cast iron, 
with composition sleeve tightly rolled in. It is bored truly 
cylindrical on its working face, with slight recesses at top and 
bottom, similar to a steam cylinder, for the over-running of the 
piston or its rings. 

For quick access to the bucket or foot valves, a hand-hole 
cover is often fitted above or directly in the bore of the 
barrel, in order to avoid dismounting the top-cover and head 
valves—a great saving of time and labor to the engineers. 

The delivery channel is sometimes cast on to the barrel, or, 
together with the cover, is bolted to the top flange of the bar- 
rel. It holds the head valve seat, which, however, is also 
found independent and bolted directly to the top flange of the 
barrel. Cast iron is extensively used for it, although the 
United States Navy requires composition. 

The vertical extension for the accumulation of the discharge 
water is called the “hot well,” from which the feed pumps 
draw their supply. An overflow is provided to discharge the 
surplus to the outside, or to the feed tanks, which is quite an 
important operation, with jet condensers, but to be avoided 
with surface condensers, as all the fresh water from the air- 
pump is needed for feeding the boilers. 
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Fig. 99.—Type of Vertical Twin Independent Air Pump. 
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385. How are the working parts of the air-pump arranged 
and constructed ? 


The valves of the air-pump have the greatest influence on its 


efficiency. 
They should be arranged so as to pass all water easily and 


readily, and open or close quickly with any difference of press- 
ure. The clearances between them and the reciprocating 
piston should be as small as possible, and without pockets that 
might retain air. A small amount of water should stand upon 
them, so that a possible leakage would be of water instead of air. 

In the valves rubber is usually the material employed, 
although metal valves are used in the Navy. Rubber valves 
are light, open readily, and make a good, tight joint, but, 
since mineral oil is used in engine cylinders for lubrication, the 
ordinary rubber deteriorates under its influence, and repairs 
are liable to be frequent. 

On account of their grea.er durability, metal valves are 
employed. Also hard rubber or fibre valves justly enjoy a 
certain popularity, as being much more durable than those 
made of soft rubber. 

In form the valves are either single rectangular flaps, which 
lift up on one edge against a curved metal guard, or are 
formed by several smaller circular valves, rising bodily from 
their seats. To secure a quick closing, springs of bronze wire 
are sometimes fitted on them. 

The valve seats are usually independent and constructed of 
composition. 

For the round valves a central stud keeps the valve in place, | 
allowing only lifting movements, which are limited by a guard 
at the top of the stud. 

The flap valves are clamped to the seat on the stationary 
edge by their curved guards. 

The piston or bucket of the air-pump is actuated either by a 
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solid piston rod, or by a hollow trunk, made entirely of com- 
position, or covered by a composition sleeve. The piston rod 


type must have a connecting rod and guides above the top 


cover, while the trunk type contains the connecting rod bear- 
ing in the trunk near the piston, and requires no extra guides. 

The bucket carries the bucket valves, which allow the air 
and water to pass to the delivery side. The tightness of the 
.bucket against the side of the barrel is secured by a very 
broad, solid piston, with water grooves to stop leakage, or, 
more commonly, by packing. This packing may consist of 
one or more split metal packing rings, bearing, by their 
elasticity, against the walls, or of fibrous or soft mate: 
rial, held in place and compressed by a bolted follower 
ring. А stuffing-box is provided in the top cover for water- 
tight passage of the piston rod or trunk. With the large 
diameter of the trunk the depth of the stuffing-box should be 
ample, as the packing cannot be compressed as uniformly as 
around a small rod. 


386. What is the function of the circulating pump ? 
- The circulating pump forces or draws the cooling water 
through the tubes of the condenser. 

As the discharge is usually near the surface of the contained 
water, but little work, in actually lifting the water, must be 
done by the circulating pump, which, as its name implies, only 
produces circulation. It is for this purpose that the centrifu- 
gal pump is so well adapted, as it runs smoothly, always in one 
direction, and can pass large quantities of water with low press- 
ure in the pipes and chests. -Reciprocating pumps have been 
entirely superseded on this account. 


387. How is the centrifugal circulating pump arranged and 
constructed ? 

The centrifugal ‘pump has very little suction power, and is 

preferably placed all below the water line, that it may remain 
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full of water. It is usually made of composition metals, in 
order to avoid all perceptible corrosion, or galvanic action, | 
under the influence of the sea-water. It consists of a casing, 
with inlet and outlet nozzles for the pipe connection, and 
stuffing-boxes for the shaft and the runner, or wheel, with its 
shaft. 

The casing is essentially a spirally enlarging space, in which 
the water is accelerated and delivered from the central inlet 
to the circumferential discharge. The inlet is sometimes on 
one side only, but preferably on both sides, thus avoiding an 
end thrust upon the runner and the shaft. The casing is split 
horizontally or vertically, to allow for the entrance of the run- 
ner and shaft, and the halves are fitted with flanges for bolt 
connection. The casing generally has an air-cock at the top 
for letting out any air that may accumulate there. 

With centrifugal pumps not wholly below the water line, 
a filling-up funnel, or pipe, is sometimes fitted for charging 
the pump with water. Brackets for the attachment to foun- 
dations or engine bed-plate are provided for secure attach- 
ment of the pump. 

The runner, or wheel, is a disc keyed to the shaft with a boss, 
and fitted with vanes to transmit motion to the water. 

The wheel is usually made of composition, on a shaft of the 
same material, or of steel covered with composition sleeve. The 
shaft has bearings, sometimes on one side of the wheel only, 
next to the stuffing-box, sometimes on both sides. The bear- 
ings are frequently lined with lignum vite strips, as best 
adapted to water lubrication. 

388. What is the distinction between independent and 
and connected auxiliaries ? 


Independent auxiliaries are driven by their own steam суј- 
inder and piston, while the connected auxiliaries are driven by 
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Fic. 100.—Circulating Pump and Engine. 
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the main engine through a suitable transmission gear, like | 
rocking levers, small cranks or screw and worm gear. 


389. What are the characteristics of the independent 
auxiliaries ? 


The independent auxiliaries, as their name designates, de- 
pend upon no other machine for their motive power. As soon 
as steam is up in the boilers they are ready to begin work. 

Thus the boilers can be fed, the bilges pumped and con- 
densation established, by passing steam into the condenser, 
circulating the cooling water through the tubes by the cen- 
trifugal pump, and removing the condensed water by the air 
pump. This gives the engineer a great independence and 
convenience in the operation of the engine, as every auxiliary 
can be adjusted exactly to its best working condition and 
efficiency. A drawback, however, results from the greater 
number of steam cylinders, pipes, joints and connections re- 
quiring care and attendance in port, as well as on the voyage, 
thus greatly increasing the duties of the engineer. 

The economy of the numerous small steam cylinders is very 
low as regards steam consumption, and this also is specified 
as an objection to the system. Two types of independent 
steam power application are in use: 

(1.) Those operating by reciprocating motion only. 

(2.) Those operating by reciprocating and revolving moticn 
combined. | 

The first type includes those machines. іп which the steam 
piston drives a working piston directly back and forth, like | 
all direct-acting pumps. The second type comprises those 
machines in which the reciprocations of the steam cylinder 
are transmitted through a connecting rod to a crank shaft, 
which, in turn, sets the working machine in motion. The 
centrifugal, circulating pump, the turning engine, the blowers, 
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| the ash-hoister, the dynamo, the steam steerer, the winches 


and the windlass are examples of this type. 
390. What are the characteristics of the connected 
auxiliaries ? 


The principal characteristics of the connected auxiliaries 
are the absence of all steam cylinders, with their working and 


_transmitting gear. The great saving of attendance and avoid- 


ance of uncertainty of operation is, for many engineers, a 
point in favor the system. 

A second consideration is the application of the power of 
the main engine to the work of driving the auxiliaries, where 
it is done at the best possible economy in steam consumption. 
The regularity of reciprocations is an advantage for certain 
auxiliaries, particularly air pumps, while the lack of adjust- 
ment to variation of the load may prove wasteful, each aux- 
iliary being always run at its greatest capacity. 


391. What auxiliaries are connected to the main engine ? 


The connected auxiliaries, driven directly by the main en- 
gine, include, in the older vertical engines, the air pump, a 
reciprocating circulating pump, feed pump and bilge pump. 

In beam engines the air, feed and bilge pumps are usually 
driven from the beam, while the circulating pump is of the 


| centrifugal, independent type. 


In modern vertical or inclined engines frequently only the 
air pump is driven by the main engine, although occasionally 
engineers prefer to have a feed and a bilge pump also so con- 
nected. 


392. How are the connected auxiliaries driven from the 
main engine 2 


The connected auxiliaries are commonly driven by a sys- 
tem of rocking levers, or beams, which may be the main walk- 
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ing beam, as in the beam engine, or special ones, fitted for 
this purpose in vertical and diagonal engines. 

Occasionally some pumps are found driven by the crank 
shaft, either with a special short-stroke crank pin, or by a 
helical gearing, for reducing the revolutions to a desired 
point. 


Ета. 101.—Diagram Showing the Connections of Air and Feed Pumps to the Cross-head of 
the Engine. 


The rocking beams transmit the same number of reciproca- 
tions, but reduce the stroke of the pumps by a shortening of | 
the lever on the side of the fulcrum. 

The beams are built up of steel plates, cast-iron bosses and 
centre sleeves, with steel or iron shafts and pins. 

The fulcrum pins rest in substantial bearings on the fram- - 
ing or foundation, while the end pins carry suspension or con- 
necting rods, for connecting to the engine and pump cross- 
heads or trunk-pins. 
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393. То what operation аге most of the auxiliaries de- 
voted 2 
Most of the auxiliaries are devoted to pumping operations, 
or the transportation of liquids or air from or to receptacles. 
They often stand under pressures varying from nearly an ab- 
solute vacuum to the highest steam pressures employed. 
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Fic. 102.—A Type of Filter or Grease Extractor Used with a Marine Engine. The function 
of this apparatus is to separate grease and oil from the boiler feed-water. It consists 
of an iron or gun metal casing, divided into two compartments by а “ diaphragm." 
This * diaphragm ” has a perforation with a collar for supporting the separating car- 
tridge, an iron or brass tube, perforated through its entire length with small holes, 
and shaped as shown at D. When set in place it is covered with cloth. The feed-water 
is admitted at the inlet, A, flowing through the cartridge into the second chamber of 
the casing, and emerging at the outlet, B. Cis a by-pass valve, which is left open on 
occasions, as when starting the engine. 


394. How is this pumping operation performed ? 
Pumping operations are mainly performed by a power ap- 
plication : 
(т.) To revolving wheels, as found in centrifugal pumps and 
blowers. 
(2) To reciprocating pistons, as found in air and feed pumps. 


Special cases are the pumping operations by injectors and 
ejectors, where the momentum of a jet of steam, issuing 
through a system of conical nozzles, imparts motion to water 
drawn through the nozzles. 
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Another type is represented by the pulsometer, in which 
the steam pressure directly exerts lifting pressure upon the 
water, while the suction action is produced by the condensa- 
tion of the steam in the chamber. 


395. What are the characteristics of the revolving wheel 
pumps 2 

The revolving wheel pumps effect the transportation of 
their working fluid by centrifugal force, which is derived from 
the continuous revolving wheel. The impelling pressure of 
the centrifugal force is not very strong, and, since retaining 
valves are entirely absent, the pumping in these machines is 
suited only to light pressures. Under the continuity of flow, 
however, fairly high speed can be given to the working fluid, 
and the revolving wheel pumps are thus best suited to pump 
large quantities against low pressures. 


396. What are the characteristics of the reciprocating 
piston pumps P 

The reciprocating piston pumps give impelling force to the 
working fluid by the reciprocation of a tightly-fitting piston, 
acting like a steam cylinder piston. To prevent the return of 
the fluid through the inlet or outlet openings, upon reversal of 
the motion of the piston, automatic valves opening only in 
one direction are fitted over each of the openings. 

As the piston and the valves may easily be constructed of 
great strength and tightness, reciprocating pumps are, there- 
fore, well adapted to transport the fluid against high pressure. 
Reversal of the motion and the more contracted passages 
through the automatic valves form important objections to a 
high speed of the working fluid, and for this reason recipro- 
cating piston pumps are best suited to raise limited quantities 
of water against high pressure, or where a high degree of 
tightness must constantly be maintained. 
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397. What is the action of revolving and reciprocating 
pumps ? 

All pumps effect the transportation of their working fluids 
by establishing a difference in pressure between two points in 
their system. The working fluid will immediately try to re- 
establish equilibrium, and flow toward the point having the 
lesser pressure. Thus, the air in the condenser will imme- 
diately expand into the:vacuum produced by the lifting of the 
air-pump bucket, even if it has to lift valves or pass through 
crooked channels. In like manner, the weight of water in the 
centrifugal, circulating pump, being thrown out by the revolu- 
tions of the wheel, will leave the weight of the water in the 
pipes above the pump entirely unsupported, and this will rush 
immediately toward the pump, to re-establish the balance. 
This action will produce in the revolving wheel pump a con- 
tinuous, steady flow. 

In reciprocating piston pumps the action is not continuous, 
since the piston coming to the end of its stroke stops and then re- 
turns. Here the action of the automatic valves comes into play. 


398. What is the action of the automatic pump valves ? 

The automatic pump valve can open only one way, and does 
so only when the excess pressure is below its seat, while, when 
the excess pressure is above, it will close still tighter. The 
weight and friction of the valve, however, will consume a 
certain amount of the pressure before any lifting can take 
place. Thus, a valve of ten square inches exposed area, 
weighing ten pounds, would require a pressure of more than 
one pound per square inch for lifting. For valves totally im- 
mersed in water the effective weight of the valve would be 
the difference between the weight of the valve and the weight 
of the water displaced by the valve. To make valves lift easily 
and quickly they should, therefore, be as light as possible, with- 
out sacrificing either strength or durability. 
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The difference in pressure is established by the receding of 
the piston from its starting point, increasing the volume and 
decreasing the pressure in the same proportion, similar to 
the action of the piston in the steam cylinder. Thus, if the 
clearance space between the piston and the automatic valve is 
filled by ten cubic inches of air of 14.7 pounds absolute press- 
ure, and if this space is increased to 73.5 cubic inches, then 
the pressure would be only two pounds per square inch, and 
there would be 12.7 pounds excess pressure below the valve, 
which would push the valve open and fill the space with addi- 
tional air until equilibrium has been nearly established. Upon 
the return stroke, and consequent compression of the air, the 
pressure would rise and close the first valve. If a second 
valve, opening the other way, leads into a pipe or other vessel, 
then the contents of the piston stroke could, upon sufficient 
compression, overcome the resistance of this valve and dis- 
charge into the next space, pipe or vessel, continuing the 
operation in this manner. Thus, the first, or suction, valve 
opens on the up stroke, and the second, or delivery, valve 
discharges on the down stroke. 


329. What 1$ the maximum pressure that a pump can pro- 
duce by suction under an automatic valve ? 

As the vacuum is measured below the atmospheric pressure 
of 14.7 pounds per square inch, absolute pressure, the maxi- 
mum suction effect must be less than 14.7 pounds per square 
inch, and is, even in the best pumps, no more than about 
12.75 pounds per square inch, or 26 inches in the usual meas- 
ure of vacuum, the height in inches of a column of mercury at 
that pressure. 


400. What is the maximum pressure that a pump can pro- 
duce by compression under an automatic valve ? 


The pressure of the delivery side of the pump is limited 
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only by the strength of the pump, valve boxes, valves and 
pipes and the tightness of the stuffing-boxes and joints. 

Feed pumps for water-tube boilers may have to exert as 
much as 300-pounds per square inch pressure above the atmos- 
phere. 


401. Which are the important points for efficiency ? 


Тһе important points for the good working condition of the 
pumps are: 

(1.) The position of the valves, which should be near to the 
jiston or bucket, thus reducing the clearance as much аз pos- 
sible. 

(2.) А straight, easy lead of the pipes and the passages 
through the pump is highly desirable. 

(3.) No air should be retained in any pockets of the pump 
chamber, as this would seriously interfere with the suction ac- 
ion of the pump. 

Air vessels on suction and delivery pipes can greatly reduce 

water hammer and noise, collecting at the same time the air 
ind gases that are highly undesirable, and, in feed water, even 
njurious, Pet-cocks are often fitted to ease the pumps by ad- 
mission of air where air vessels could do the same service with 
better results. 
-(4.) If hot water has to be handled by the pump, the supply 
should flow, under some pressure, to the pump, as the vapor 
that would be produced might entirely defeat the suction 
action of the pump. 

(5.) The sizes of the pipes and areas of the valves should be 
such that the velocity of the fluid in its flow should not be too 
high, a limit frequently found being about 200 feet travel per 
minute. 

Higher velocity is apt to produce water hammer and loss of 
power through excessive friction, 


| 


| 
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402. What influence have the size and the lift of the valves 
on the workings of the pump ? 

The required area for passing the fluid at a desired velocity 
may be obtained either in one or in numerous openings. 

If, for example, a valve opening four inches in diameter is 
sufficient for the purpose, then four valves of two inches or 
sixteen valves of one inch will perform the same service at the 
same speed of the fluid. 

To secure, however, an equal area around the circumfer- 
ence of the valve the four-inch valve must be lifted one inch, 
while the four two-inch valves must be lifted each half an 
inch only, and the sixteen one-inch valves must be lifted one- 
quarter of an inch only. 

To secure the desired rapid action of the valves at the end 
of each stroke, a small lift is highly desirable, as a full opening 
and closing of the valve is secured with little acceleration by a 
small weight on the valve in its short travel. 


403. How are the pump cylinders and their parts arranged 
and fitted 

Pump cylinders are, for marine purposes, preferably аг- 
ranged in vertical position, as taking less floor space, working 
more satisfactorily and being easier of access. | 

They have a bored barrel of cast iron or composition, in 
which the piston reciprocates, with heads at each end, one of 
them being fitted with a stuffing-box for the piston rod. 

Ports from each end, in case of double-acting pumps; from 
one end, in case of single-acting pumps, lead to valve boxes 
that contain the suction and delivery valves. 

In air pumps the valves are usually arranged directly above 
and below the barrel, in order to reduce the clearance spaces. 

The valve-boxes have removable covers that allow the fit- 
ting of the valves and seats, as well as a ready access to them, 
upon derangement. 
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Flanged or screwed nozzles serve for the connection of suc- 
tion and delivery pipes. 

A useful fitting, particularly on high-pressure pumps, is a 
relief valve, loaded by springs, somewhat above the working 
pressure, which will allow the water to pass back to the suction 
pipe if the delivery pipe is shut off. The valves are generally 
of bronze for high-pressure pumps, like field and fire pumps, 

. while often of rubber for bilge and low-pressure pumps. 

А special third-valve system is arranged in vertical air- 
pumps, where the head valves relieve the bucket valves of the 
load of the atmospheric pressure on the down stroke, with ad- 
vantage to the holding of the vacuum. 

The pistons are usually of cast iron or bronze, fitted with 
cone and nut to the piston rod, and carrying packing rings on 
the circumference to secure tightness against the wall of the 
barrel. 


404. For what purpose are pumps employed on shipboard ? 

Aside from the air and circulating pumps of the condensing 
plant, pumps are employed for 

(1.) Feeding the boiler. 

(2. Emptying the bilges and tanks. 

(3. Supplying water for deck-washing, fire-extinguishing, 
evaporator and sanitary service. 

' А special pump for each separate purpose is not always sup- 
plied, but one pump may have the necessary pipe connections 
to serve alternately different obligations. 

Feeding the boilers is so important an operation that a 
special pump is always required. То make absolutely sure of 
an ample supply of feed water one of the other pumps is made 
strong enough to serve the same purpose, or sometimes an in- 
jector is fitted as auxiliary feeding mechanism. 

A bilge pump is also often fitted specially, for the reason 
that it handles very dirty water, undesirable to be transmitted | 
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to any other pipe system. In small ships, however, one pump, 
the so-called * donkey,” often serves for nearly all other pur- 
poses, including auxiliary boiler feeding. 

A special form of pump in use in Western river steamers is 
the so-called “doctor,” an independent pump, with a walking 
beam, through which the steam cylinder drives a system of 
pumps for feed, fire and bilge pumping purposes. 


405. How is the feed pump arranged ? 


The feed pump should be of simple construction, great 
strength and ample capacity, to secure great regularity and 
reliability of service under the severe conditions of high press- 
иге. 

The main and auxiliary feed pumps are often duplicated. 
This is a desirable point, as one set of spare parts in piston, 
rings, valves, etc., is suitable for both pumps. 

The main feed pump is, even in the independent type, often 
placed in the engine room, while the auxiliary pump, or the 
injector, is in the fire room. The feed pumps draw usually 
from the hot well, feed heater, and the feed tanks, and dis- 
charge onlyinto the feed check on the boiler. The feed water 
may pass through filters, for collection of oil and impurities 
and to get rid of any admixture of air, thus saving the boilers 
from scale and pitting or corroding influences. 


406. For what purpose are feed heaters employed ? 


Feed heaters are employed for the purpose of heating the 
water before admission to the boilers, thus saving the boilers 
from strains of unequal expansion and increasing rapidity of 


———— 


steam production. The heating agent is nearly always ex- | 
haust, intermediate or boiler steam, either directly mixed with | 


the water, or otherwise transmitting its heat through a tube 
system similar to a condenser. In the direct system two feed 
` pumps are frequently fitted, the first one pumping the feed 
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water from the hot well to the elevated mixing tank, E 
which the second one draws the hot water under pressure, for 
ЕЕ delivery to the boiler. 


407. What is the action and con- 
struction of the injector 2 


Injectors are used for small or jet 
condensing marine engines. They | 
work best with cold water and 
small suction lifts, and are usually | 
made all of brass or bronze in body 
and nozzles. They have a steam 
inlet continued in the nozzles, a 
side suction for water, a delivery 
to the boiler and an overflow nozzle 
for allowing the water to be dis- 
charged upon the starting and be- 
fore the jet of water has acquired 
sufficient momentum to lift the 
check valve on the boiler. 


408. How are the bilge and bal- 
last pumps arranged ? 


TILL 


Е == 


The bilge and ballast pumps 
should be of large capacity, as they 
are called upon to pump large quan- 
tities under small pressure, usually 
only the head of water, due to the 
draft of the ship. 

They have a very elaborate sys- | 
tem of piping and manifolds, to en- 
able them to draw from all com- 
Fig. 104.—Section of Feed-pump and partments of the ship. Being placed 


its Operating Steam Cylinder, . > 2 
showing details. in the engine room, together with 
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their manifolds, they are under the direct care of the engineer. 
For large ships they are nearly always independent. 

Bilge and ballast pumps should be arranged low in the hold 
of the ship, in order to have as little suction lift as possible, in 
their long and complicated systems of piping. 


409. How are the ejectors arranged and constructed ? 
The ejectors are steam jet pumps, often used for bilge 
pumping purposes, and are usually arranged directly in the 
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Ето. 105.—Construction of one Type of Injector. 5, steam jet; V, suction jet; C-D, com- 
bining and delivery tube; R, ring or auxiliary check; P, overflow valve; O, steam 
plug; М, steam valve and stem; N, packing nut; К, steam valve handle; X, overflow 
cap. 


compartment, with a steam pipe leading to them. They work 
upon the same principle as the injector, but need no overflow 
nozzle. Little or no suction lift is desirable here, also, for the 
prompt starting and action. 


410. How are the donkey, fire, ash-ejector, fresh water 
and sanitary pumps arranged ? 


In ships of small and medium size frequently only the 
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donkey is an independent steam pump, fulfilling most of the 
offices alternately through manifold valve connections. The 
donkey may also pump bilge or feed the boilers. 

The fire pump?? draws from the 
sea and discharges into a pipe 
with hose connections and outlets 
suitably placed between the upper 
decks in the different compartments 
for fige extinguishing or washing 
decks. It is often used, also, to sup- 
ply water for the ash-ejector. 

The fresh-water pump, either 
steam or hand driven, draws from 
the water tanks and delivers to 
the galley, pantries and living 
rooms. 

The sanitary pump draws from 
the tanks, or sea, and delivers to a 


Fre. 106.—Section of а Type of pressure tank on the highest deck, 
Ejector. The steam jet emerges 5 
at lower pipe (D, carrying the {rom which the closet, bath-room, 
water through the forcing or С 
lifting tube (8). etc., are supplied. 


(28.) SECTION 4,471.—Every steamer permitted to carry passengers shall be provided 
with a good, double-acting steam fire-pump or equivalent for throwing water. 

Such pump shall be kept in good order and ready for immediate use, having at least 
two pipes of suitable dimensions, one on each side of the vessel, to convey the water to 
the upper decks, to which pipes shall be attached by stop cocks or valves, both between 
decks and on the upper deck, good and suitable hose of sufficient strength to stand a 
pressure of not less than 100 pounds to the square inch, long enough to reach to all parts 
of the vessel, and properly provided with nozzles, and kept in good order and ready, for 
immediate service. 

Every steamer exceeding 200 tons burden, and carrying passengers, shall be provided 
with two good double-acting fire-pumps, to be worked by Бапа; each chamber of such 
pumps shall be of sufficient capacity to contain not less than 100 cubic inches of water; 
and such pumps shall be placed in the most suitable parts of the vessel for efficient ser- 
vice, having suitable, well-fitted hose to each pump, of at least one-half the vessel in 
length, kept at all times in perfect order, and shipped up and ready for immediate use. 
On every steamer not exceeding 200 tons, one of such pumps may be dispensed with. 
Each fire pump thus prescribed shall be supplied with water by means of a suitable pipe 
connected therewith, and passing through the side of the vessel so low as to be at all 
times under water when she is afloat; and no fire pump thus provided for shall be pluced 
below the lower deck of the vessel. 

Every steamer shall also be provided with a pump, which shall be of sufficient 
strength and suitably arranged to test the boilers thereof. 

Rue ТУ, 10.—The diameter of the pipes and hose leading from the pumps mist in пе. 
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411. What are the function and construction of the evapo- 
rator and distiller 2 


The evaporator evaporates salt water into steam, which is 
then condensed in the distiller or condenser to fresh water. It 
can then be used for drinking, boiler feeding and other pur- 
poses for which salt water could not be used. 

The reason for fitting evaporators in ships is that the stored 
fresh water is rapidly lost by leakage. This fact requires that 
an additional supply of feed water be obtained either by 
carrying a supply in tanks or gaining it in the evaporator. In 
modern installations a certain amount of the product of the 
evaporators is aerated and used for culinary purposes. 

The evaporator is a small boiler, consisting of shell and 


case be less than that of the discharge opening of the pumps: provided, however, that 
the pipe and hose shall in no instance be less than 1% inches in internal diameter. 

And provided, further, that steamers of 15 tons and under may be allowed to use 
hose of 34 inch internal diameter, but in no case shall it be less than the discharge 
opening of the pumps, it being further provided that open boats of less than 10 tons that 
аге fully equipped with buckets, as required by these rules and regulations, shall not be 
required to carry hose. 3 

Вог IV, 11.—A rotary pump, when driven by an engine independent of the main 
engine, may be considered as an equivalent for the double-acting fire pump, and used as 
such when equal to it in efficiency and the degree of capacity required. 

Коре ТУ, 12.—Any steamer having on board an independent steam pump and an 
auxiliary boiler suitably arranged and of sufficient strength and capacity for testing the 
boilers thereof; or if one of the hand fire pumps be suitably arranged and of sufficient 
strength and capacity for testing the boilers; or, if the “ doctor," so-called, when ar- 
ranged permanently for testing the boilers, is,in the judgment of the inspectors, suit- 
able for the purposes intended, may be considered as having complied with the law. 

Rutz ТУ, 13.—Any steamer of 200 tons burden or under required to have a double- 
acting steam fire pump, and having in use on board a “ doctor," so-called, may be con- 
sidered as having a lawful equivalent for such pump when such “doctor ’’ has pipes 
attached to it leading to the upper and between decks, such pipes being provided with 
lose and valves according to law; but the pipes and hose shall in no case be less than 
1% inches in internal diameter, 

The pumps for supplying the boilers shall in no case be eonsidered as an equivalent 


‚ for the double-acting steam fire pump on steamers above 200 tons burden. 


Rute IV, 14. —All steam fire pumps required shall be supplied with connection pipes 
leading to the hold of the vessel, with stopcocks or shut-off valves attached, апа so ar- 
ranged that such pumps may be used for pumping and discharging water overboard 
from the hold; and each compartment Вена shall be fitted with valves, so as to 
almit water from one compartment to the other, and the valves so arranged as to be 
worked from the main deck. 

Each and every steam vessel shall be: fitted with a bilge pipe connecting by a suit- 
ably marked valve with the main bilge pump in the engine room, and each compart- 
ment of all steam vessels shall be fitted with a suitable sounding pipe. 

Rute IV, 15.—Steamers not having a bilge injection, and carrying passengers on 
waters other than rivers, should be equipped with such additional fire pumps as shall 
be equal in capacity to the bilge injection. 

Rute IV, 17.—Steam siphon pumps, which have been approved by the Board of 
Supervising Inspectors, may be allowed in lieu of double-acting steam fire pumps on all 
steamers of 100 tons burden and under. 


238 QUESTIONS FOR MARINE ENGINEERS. 


heads and with steam and water space. The salt water it 
contains is heated, not by fire gases, but by steam from the 
boiler or one of the main engine receivers. This water circu- 


Fia. 107,—Section of a Combined Feed and Bilge Pump. 


lates through an internal system of pipe coils, until condensed 
and drawn off to the condenser. 

The steam thus generated, if of fairly high pressure, may be 
employed in a second evaporator, thus securing a double 
effect. For boiler feeding all the condensed water and low. 
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Fra 108.—Section of a Type of Exhaust Steam Feed Heater, with Parts Designated. 
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pressure steam is led to the condenser, from which point the 
air-pump delivers it, in form of water, to the hot well. 

If the evaporator steam is to be used for production of 
drinking water it is led first to a special nozzle system called 
the aerator, where air is mingled with it to make the water 
drinkable. From the aerator it 
passes through tinned conden- 
ser coils, cooled by circulation 
of sea water, into a filter, or 
storage tank, ready for use. 

Through the evaporation of 
the salt water a very strong 
deposit of salt is thrown down 
upon the heating coils, which 
must be removed frequently for 
the efficiency of the heat trans- 
mission. Some constructions 
provide for an easy removal of 
the whole coil system, while 
others crack the scale off by 
sudden contraction of the hot 
coils by cold water and removal 
of the scale from the bottom 


же 


> 
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Ета. 110.—A Steam Jet Bilge Ejector, with 


through man and рада holes. proportionate figuring. The strainer 
и > through which the bilge water is 
ı Evaporators are fitted in the drawn is shown at the upper left- 


3 2 hand side of the diagram. 
“same manner as boilers, with 


steam gauge, safety valve, stop valve, water gauge, feed check, 
bottom blow valve and salinometer cock. 


412. What pumps are needed for the evaporator and dis- 
tiller service 2 
A pump is needed for feeding the evaporator with sea 
water and for circulating the cooling water through the 
distiller. 
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One pump can, by suitable arrangement in the piping, fill 
both of these functions, to the convenience of the engineer. 


413. What difference is there between the steam cylinders 
using reciprocating and those using revolving auxil- 
iaries 2 

The steam cylinders that transmit their power by recipro- 


x DEN CE ТСН а те 


Ета. 111.—Ash Ejector. А, is the hopper into which the ashes are dumped; B, the water 
nozzle for admitting a jet of water from the pump; C, the water valve; D, the dis- 
charge pipe, leading over the side of the vessel. 


cating motion only differ mainly in the valve gear from those 
transmitting their power by a combination of reciprocating 
and revolving motion. 

The reciprocating motion allows no angular advance and no 
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lead ог lap to the valves, giving thus full boiler pressure through 
the whole length of the stroke, with consequent lack of econ- 
omy in the steam consumption. The valve motion is derived 
from the piston rod that rotates, or moves, a small auxiliary 
valve. A small movement of this valve allows steam to enter 
alternately through small steam ports, behind auxiliary pis- 
tons, which push the main valve at once to its maximum open- 
ing position. 


Ета. 112.—Details of Ash Ejector shown in Fig. 111. The letters correspond to the same 
parts as in that figure. 


The valve gear of steam engines that transmit their power 
through a crank shaft is similar to that of the main engine, 
consisting of eccentrics, eccentric rods, valve stems and valves, 
with angular advance, lead and laps. The transmitting gear of 
the cylinders, with reciprocating motion, consists of the piston 
rod, directly connecting the two pistons, while in the other 
type the piston rod connects through the cross-head and соп- 
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necting rod to the crank-shaft, which drives the auxiliary work- | 
ing machinery. ` 


414. How are the steam cylinders of the independent aux- 
iliaries and their gear constructed? \ 


The auxiliary steam cylinders аге arranged very similarly to 


STEAM INL 


Ета. 113.—The Quiggins Evaporator SOIRS for Distilling Sea Water for Boiler 
those of the main engine. The working barrel, bored for the 
working face of the piston, is fitted with heads, ports, valve: 
chests and pipe nozzles, and is supported by columns or fram- - 
ing from the bed plate of the crank-shaft, the working pump 
cylinder: or from parts of the ship. The cylinders and valve 
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| chests are fitted with drain-cocks, to get rid of the condensed 
"water. 

The cylinder castings are of cast iron, without liners, and 
the valves are plain slide or piston valves. The framing is 
formed by cast-iron standards or wrought-iron columns. The 
guides are slipper guides on the standards, or columns. The 


, Fic. 111.—Elevation and Section of a. Type of Evaporator, such as is described in Section 
411, and shown with connected parts in Fig. 113. 


bed plates are of cast iron, and the bearings are often formed 
of Babbitt metal cast directly into the bearing or cap. 
Everything is kept as simple as possible, with ample bearing 
‘surfaces, to insure the least possibility of breakdowns, adjust- 
ments or repairs. 
The pistons, eccentrics and valves are of cast iron, while the 
piston rods, cross-heads, connecting rods and crank-shaft, as 
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well as the eccentric rods and valve stems, are usually of iron 
or steel. 

The bearings in the moving parts are generally of bronze, or 
in small parts only composition sleeves without adjustment. | 


415. What is the arrangement of the turnover engine 2 

The turnover engine is provided for the turning of the main 
engine when in port and not under steam. 

It is a small engine, connected by screw gear to a large 
worm wheel on one of the shaft couplings, thus gaining an 
enormous leverage, so as to slowly turn the shaft, the pro- 
peller and the main engine. In small main engines no steam 
turnover engine is fitted for this purpose, but a rachet lever for 
hand-power, or a rope sheave for connection to the donkey, or 
other auxiliary engine, takes its place. 


416. What is the arrangement of the ash-hoist ? 

Ash-hoists have to lift and discharge the ashes above the 
water line of the ship. Several types are in use. In some 
arrangements the ashes are lifted in buckets, to one of the 
upper decks, by reciprocating or rotating engines that pull or 
wind the lifting ropes. This is rather laborious, as the ashes 
must first be shovelled into the buckets, and then discharged 
overboard by hand. 

The popular arrangement of ash-ejector avoids all handling 
by carrying the ashes in a jet of water through an inclined 
pipe above the waterline and overboard. The ashes are 
shovelled into a hopper, at the bottom of which they are 
picked up by a jet of water of high velocity, possessing suffi- 
cient momentum to elevate them in the inclined pipe. 


417. What is the duty of the blowers 2 

The blowers are fitted for the purpose of improving the 
draft in the boilers, either by increasing the pressure under the 
grates or by decreasing the pressure in the uptake and stack. 
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This forms the distinctive feature between forced draft and т- 
duced draft. With forced draft the blower forces air under 
the grates; with induced draft it sucks the air away from the 
uptake. 
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іс. 115.—Sectional Elevation of the Blower and its 
Engine, as described in Sections 417 and 420. 


418. What are the characteristics of forced draft 2 


Forced draft may be arranged in two ways: the blower 
may discharge either into a closed fire room or into a closed 
ashpit only. With the closed fire room an excess of pressure 
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must fill the whole room, necessitating air-locks and placing 
the firemen under the pressure, while with the closed ashpit 
only the furnace is closed, and communication with the fire 
room is the same as with natural draft. 

A disadvantage of the closed ashpit system is the danger of 
flames emerging from the fire doors when open, which makes 
it necessary to shut off the draft in firing. With the closed 
fire room no such danger is possible. 

The closed fire room draft is, however, used practically only 
in the Navy, while the closed ashpit draft is extensively used 
in the merchant marine, and proves, with some precautions, a 
very useful means of increasing the steaming qualities of the 
boilers. 


419. What are the characteristics of the induced draft 2 


The induced draft has the fan arranged in the uptake, 
drawing through the tubes and discharging into the smoke- 
stack. It lacks the disadvantage of the closed fire room, with 
the air-locks and the constant danger of blowing the flames out 
of the open furnace mouth. It suffers, however, from the 
severe heating of the fan and hard wear on the shaft bearings 
working in contact with the hot uptake gases. Its best ar- 
rangement is with air heaters, superheater or feed water heaters, 
that reduce the temperature of the gases as much as possible 
before they enter the fan. 


420. How are the blowers and their ducts arranged and 
constructed 2 

The blowers are centrifugal fans, driven at a high number of 
revolutions by a small steam engine, connected either directly 
or by belts. | 

Their duty is to supply а large volume of air at а low press- 
ure. 

The fans are plate discs carrying vanes, which must transmit 
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Ега. 116.—Diagram of the General Arrangements of the Blower and Duct of the Howden 
Draft. The numbered parts are: The blower engine (1); the blower engine belt (2); 
the blower (3); the single air duct (4); divided air duct, leading cold air into the nests of 
heating tubes (5); box containing nests of heating tubes (6); hot air duct with smoke- 
box in the centre (7). The nests of heating tube are shown in Fig. 117. 


250 QUESTIONS FOR MARINE ENGINEERS. 


the velocity to the air. Тһе air is drawn in at the centre, and | 
discharged at the circumference into a casing that gathers and | 
leads it to the ducts, or outlets. 3 

The casings, fans and ducts are constructed of sheet iron or | 
steel, connected and stiffened by angles. i 

The ventilators of the fire room furnish the supply of air for | 
the boilers in natural, as well as forced, draft arrangements, 
and should be large enough for an ample supply. Movable 
cowls, often worked by a gear from below, catch the force of 
the wind for a greater velocity of the supply. 

Ventilators serve often as ducts for ash-hoisting, and are 
then fitted with pulleys for the lifting rope and doors for taking 
out the ash buckets. The closed fire room and induced draft 
system need very little air piping, while the closed ashpit 
system requires a lead to every boiler and furnace. | 

The Howden draft system, which is of the latter type, leads 
the air first to a nest of tubes in the uptake, on which it is 
heated to a high degree before passing into the ashpit. Some 
of the hot air is directed into the furnace above the fire to se- 
cure a better combustion. 


421. What are the auxiliaries not directly connected with 
the propulsion of the ship ? 
(1.) The dynamo for the electric service. 
(2.) The ice machine for refrigeration and ice making. 
(3.) The steering engine for moving the rudder. 
(4.) The winches for hoisting cargo. 
(5.) The windlass for heaving the anchors. 


422. How is the dynamo arranged and constructed ? 


The dynamo produces electric current of a certain tension 
by revolving coils of wire on the armature in the field of the 
electro magnets. 

For marine purposes the compound wound dynamo, produc. 
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Fia. 117.—Air Heater of the Howden Draft. The numbered parts are: the cold air duct 
(1); nest of air heating tubes (2); baffle plate to direct the air current over the heating 
tubes (3); smoke-box (4); hot air box (5); sliding gate to admit or shut off hot air above 
the grates (6); the furnace (7); the ashpit (8); butterfly valves to shut off hot air from 
the ashpit (9). + 
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ing a tension of about 110 volts, is most commonly used, 
being usually connected directly to the crank-shaft of its steam 
engine. The armature is, preferably, independent of its shaft, 
and keyed to it, so that it can be replaced by a spare one in 
case of burning out of the coils. 

With the high speed of revolutions and the sensitiveness of 
the electric machinery to variations of speed, a close govern- 
ing of the engine, careful lubrication, good alignment and 
balance is necessary upon strong foundations. 

The heating of the armature should not exceed a certain 
rise of temperature above the atmosphere, and the brushes 
should slide, under gentle pressure, upon their commutator 
without sparking. 

Different styles of dynamos are in use with two, four or six 

poles, requiring fewer revolutions with the larger number of 
poles. { 
Some forms have the field pieces shaped so as to enclose 
the whole dynamo, while others have left it open. The 
dynamo is generally placed in the engine room under the 
direct supervision of the engineer. It should be a fair distance 
away from the instruments of magnetic observations to avoid 
disturbances in their indications. 


423. How is the ice machine arranged and constructed ? 

The ice machine produces cold by abstracting heat from a 
transmitting fluid, through evaporation or expansion of the 
working fluid. 

The working fluids largely used іп marine practice аге 
ammonia and common air, while the transmitting fluid is 
usually a strong salt solution or brine, which freezes consider- 
ably below the freezing point of water, and can thus be used 
to make ice. EN 

The machine transmits the power from the steam engine to 
the compressor pump, in which the working fluid is liquified, 


. 
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| ог reduced to a smaller volume of higher pressure. The heat 
‚ thereby generated is thrown off and carried away in a cooling 


condenser. 
When ammonia is used the fluid passes directly to the 
cooling coils in the brine tank, where it expands and binds heat 


іп latent form. When air is used it passes, first, into an ex- 


panding cylinder, doing work and assisting the steam cylinder 


‘in the compression ; then, at a low temperature, ‘into the coils 


of the brine tank, absorbing heat therefrom. The condenser 
has the cooling water generally supplied by a special recipro- 
cating, circulating pump, driven by the same engine. 

The ammonia system is very efficient, but needs great pre- 
caution in the installation, owing to the poisonous nature of 
the gas. 

The stuffing-boxes, valve and pipe joints must be of extra 
strong and tight construction. Air is much more easily 
handled and obtained, but is not as efficient ; besides it needs 
an extra expansion cylinder, with crank, connecting rod, piston 
rod, piston and complete valve gear. 

The condensers are vessels fitted with coils or tubes, through 
which the cooling water circulates. They should be provided 
with efficient clothing and lugging, in order to concentrate 
the cooling effect as much as possible. 

From the brine tank circulating pipes lead to the ice-boxes, 


or refrigerator rooms. They are generally arranged in coils, 


well distributed, to secure a uniform lowering of the tempera- 
ture. 

The ice machine is preferably installed near the engine room 
for convenience of attendance by the engineers. 


424. How is the steam steering engine arranged and con- 
structed 2 

The steam steering engine serves the purpose of turning the 

rudder of the ship more powerfully and rapidly than can be 
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bo 


done by hand. Its power is applied through rope, chain or 
gear transmission to a lever or sheave on the rudder stock. 
But its operation is intermittent and is also peculiar, in that it 
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Ета. 118.—Plan and Side-elevation of а Steering Engine, 


swings the rudder only through a part of the arc, less than 
90 degrees, while the engine makes several complete revolu- 
tions. It is made reversible by the change of steam and 
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exhaust ports through a special valve, actuated by a hand- 
"ућее! оп the bridge and closing automatically, when the de- 
sired position of the rudder is obtained. 


Fra. 118A.—Steam Steering Engine, shown connected to the pilot wheel. The operation 
of the engine valves is controlled by the chain and sprocket connection from the 
pilot wheel shaft. Тһе bevel-gear connection, by which the rudder may be operated 
by the wheel, independently of the engine, serves to steady the motion imparted, as 
the valves are controlled by the sprocket connection. 


Тре steering gear consists of two complete engines, with 
regular valves, which, however, have no angular advance, 
lead or laps. The two cranks are set under 9o degrees, to 
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insure a positive starting in any position. The construction 
of the engines ‘should be strong and durable, with large 
bearing surfaces, as the strains upon them may be quite severe 
in а sea-way. 

The steam steerer is placed directly under the pilot house, 
in the engine room or near the rudder stock. The trans- 
mitting gear needs attention in keeping it taut, and in pro- 
viding that the position of the hand-wheel and its indicator 
corresponds to the position of the rudder, 


425. What are the use and arrangement of the winches ? 

The winches are fitted for hoisting purposes. The power 
from twin engines is applied to chain or rope drums by helical, 
spur or friction gearing. They are usually reversible by spe- 
cial valve or link gear, or, if not reversible, disconnect or 
loosen the friction gear of the hoisting drum for lowering of 
the load by its own weight. 

The whole machinery should be strong and durable, as the 
attention received is often limited to the very smallest, while 
the service is severe. The winches are usually near the cargo 
hatches on the upper decks, in exposed positions, and require 
care to keep them in efficient working condition. 


426. What are the use and arrangement of the windlass 2 


The windlass serves for heaving of the anchors and chains. 
The engines, generally double, with cranks at 90 degrees, 
drive the wildcats, over which the chains pass, through heavy 
bevel or helical gearing. The engines and working parts are 
very similar to the winches. 

The windlass is near the bow, generally on the upper deck, 
in an exposed position, that requires good care for its preserva- 
tion in working condition. 


КАКЕ SIN 


BIBINE AND PIPE CONNECTIONS OF A 
MARINE ENGINE. 


CHAPTER TWENTY—PIPING AND GENERAL OUTFIT. 


CHAPTER: TWENTY. 
PIPING AND GENERAL OUTFIT. 


427. What is the function of the piping 2 


The piping conveys the working fluid to and from the main 
engine or the auxiliaries. 


428. What classification is made in piping ? 

Piping may be distinguished by the material of which it is 
made, as: 

(1.) Iron and steel piping. 

(2.) Copper or brass piping. 

(3.) Lead piping. 

or by the working fluid it contains, as: 

(1.) Steam piping. 

(2.) Water piping. 
429. What are the characteristics of iron and steel piping? 

Iron and steel piping is chiefly valuable for strength and 
rigidity. It may be employed for high pressures and tempera- 
tures, but does not adapt itself readily to many bends. Its 
preference for straight lengths makes expansion arrangement 
. necessary for steam pipes for high temperatures. 
. Itis readily and strongly connected by screwed fittings in 
smaller sizes,and byscrewed or riveted flanges in larger sizes. 
The methods of manufacturing it in lap welded or solid drawn 
tubes can produce thoroughly reliable and strong work, 
which may be used for high pressures and temperatures in 
preference to copper. It may also be used advantageously for 
steam and fresh water piping, where there is no danger of gal- 


vanic action, or rusting, under alternate exposure to air and 
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water. It should not be used for salt water piping, as it is not 
sufficiently durable and lasting Cast-iron pipes are sometimes 
employed, however, in heavy thickness, in ash-ejector tubes, 
where there is hard wear, or in receiver steam piping, also in 
bilge piping, where lead pipe would be easily damaged. 


-430. What are the characteristics of copper and brass 


piping ? 
Brass piping is used in small sizes only, while copper piping 


| finds its largest application in steam and water conduits. 


_ Its principal advantage lies in the ease with which it may be 
shaped in bends and varying sections, owing to the natural 


< ductility of the metal, and the possibility of joining several 
"sheets, or pieces, together by brazing. The necessary expan- 


sion can readily be obtained in bends, thus avoiding all sliding 


joints. The connections are made by flanges, soldered upon 
the pipes, which are expanded and beaded over into a recess in 
the face of the flange. 

A serious drawback to its use in high-pressure and high- 
temperature pipes is a certain unreliability of the brazing 
joints and a loss of strength under high temperatures. Grave 


accidents have often occurred in large copper steam pipes, 


which have seriously shaken the faith of engineers. Methods 
have been devised of strengthening the piping by flat bands or 
coils of wire on the outside. Copper or brass pipes may be 
used with the greatest advantage as salt water conduits, or 
where alternately exposed to water and air, such as fire, main 


_ and bilge piping, when not exposed to the action of bilge water 


in iron hulls. 

The reason for avoiding its use in iron hulls is that copper 
and brass will set up galvanic action, destructive to steel and 
iron, in bilge or salt water, if connected and immersed with the 
iron or steel. 

Brass piping is joined by screwed fittings or flanges, in the 
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same manner as iron and steel piping, with which it shares а 
greater stiffness and rigidity and less adaptability to bending 
than copper. 

431. What are the characteristics of lead piping 2 

Lead piping is characterized mainly by great ductility, ab- 
sence of strength and rigidity and a low melting point. It is 
not suited for pressure pipes or those with temperatures above 
the normal atmosphere. Its indifference to iron and steel, as 
regards galvanic action, renders it a suitable material for bilge 
suction pipes. 

432. What are the requirements in steam piping ? 

The steam piping is exposed to the high pressures and tem- 
peratures of the contained steam, and should, therefore, be 
amply strong in its walls; should be of material that will not 
lose its strength materially upon heating, and should allow 
amply for longitudinal expansion, or contraction, due to great 
temperature differences. 

433. What are the requirements in water piping 2 

The water piping is exposed mostly to pressure, while tempe- 
rature variations of any extent are generally absent, and rarely 
of much magnitude. Strength, rigidity and tightness are the 
chief requirements, which may be provided without difficulty. 


434. What are the most important steam pipes ? 
| (1.) Safety valve escape pipe. 
(2.) Whistle pipe. 
(3.) Main steam pipe and branches. 
(4.) Receiver and exhaust pipes. 
(5.) Auxiliary steam and exhaust pipes and branches. 


Fig. 120. (Page 262.)—Piping and General Arrangement, Starboard Engine Room of the 
Twin-Serew Sound Steamer “ Hartford." The numbered parts are: The main steam 

ipe (1); the throttle valve (2); the pass-over valve (3); the receiver pipe between the 

n P. and L. P. cylinders (4); overflow and delivery from hot well (5); circulating 
pump suction pipe from sea valve (6); bilge suction pipe (7); delivery to condenser (8); 
outboard delivery (9); suction pipe of feed pump (10); manifolds for bilge pumping 


and various purposes (11). 
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Fic. 121,—Transverse Section Through the Pacific Coast Steam Schooner “Santa Anna,” showing general arrangemen. 
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of piping and machinery. 
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435. How are the safety valve escape pipe and the whistle 
E pipe arranged and constructed ? 

The escape pipe carries off the excess of steam blown off 
through the safety valve. То prevent injury it leads straight 
up into the air behind the smoke-stack and is stayed and held in 
place by it. 
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Fre. 122.—One Form of Steam Separator Fitted upon the Main Steam Pipe. (Section 436.) 


A 
j 


It is generally composed of copper, as being severely ex- 
posed to the corroding influence of air and moisture. 

A flaring top is usually provided to reduce the roaring noise 
of the escaping steam, as much as possible, and the connec- 
tions are made by flanges. 

The whistle pipe is arranged on the forward side of the 
smoke-stack, conveniently for rope connection to the pilot 
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house, with as straight and vertical a lead as possible, to let all 


| 
| 
| 


condensed water run back by gravity into the boiler and have _ 
fresh steam always ready to enter the whistle. It should be _ 
lagged sufficiently to reduce the condensation. Its material is | 


generally copper, brass or iron. Being small in diameter, it 
is connected by flanges or screwed fittings. 


436. How is the main steam pipe arranged and con- 
structed ? 


The main steam pipe leads the steam from the boiler to the 
engine. On account of its great importance it should be ar- 
ranged inthe most careful manner. For the purpose of ob- 
taining superior strength, solid drawn steam pipes are now 
preferred, for the very high pressures and temperatures, by 
some engineers, while copper is still the choice of others, par- 
ticularly for lower pressures. Flanges of substantial character 
are employed for the connections. 

In straight pipes, expansion joints,? with composition sleeve 
and composition mountings, are provided, to prevent longi- 
tudinal compression or tension strains, under the expansion of 
the material at high temperatures. The expansion joints 
should have safety collars and bolts, in order to prevent а com- 
plete blowing-out of the sliding pipe from the joint. Another 
method avoids the troublesome packing of the joint by 
putting large bends or bellows into the pipe that will accom- 
modate the expansion and contraction. 

Great care should be taken to avoid all pockets in the pipe 
that could retain water, as sudden acceleration of this water 
under the new inrush of steam, upon opening of the stop- 
valve, might produce water hammer sufficiently powerful to 
break joints and wreck pipes. Careful draining of this and all 


(29.) Rute II, 38.—Slip joints in steam pipes shall, in their working parts, when the 
steamer is to be employed in navigating salt water, be made of copper or composition. 
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Schooner “Santa Anna." 
The plant includes а Вађ- 
соск & Wilcox boiler, whose 
connections to the triple ex- 
pansion engine are shown. 
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other steam pipes is absolutely necessary to prevent such ac- 
cidents. ) 

Bosses with cocks or valves and drip pipes should be pro- 
vided, in order to allow the condensed water to be led to the 
feed tanks or the condenser. 

A special permanent sepa- 
34 rator is frequently fitted on the 
- main steam pipe to strain the 
steam from the water that is 
lifted up and carried over from 
а the boiler. Its action is based 
upon the fact that water adheres 
to the walls more readily than 
steam. 


If the steam is suddenly de- 
flected in its path, striking 
against a metal surface, it will 
deposit most of the water on 
this surface. If this water be 
led out of reach of the steam it 
may be drawn off through a 
trap to the feed-tank or con- 
denser. 


Different constructions are in 
use, some employing smooth or 
corrugated plates, others mak- 
ing use of spirals that throw the 


Fra. 124.—Form of Separator, having water 4 5 
gauge glass for showing height of соп- water off by centrifugal action. 


densed steam in column. Е 
To prevent water entering the 


steam pipes, steam superheaters are employed. Coils of small 
pipes expose the steam coming from the boiler to the heat 
of the uptake gases, raising its temperature and evaporating 
all water held suspended in the steam. 
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Branches from the main steam pipe lead to the starting. 


valves on the intermediate, or low pressure, valve chests, and 
to the exhaust pipe bleeder valve, for producing condensation 
and vacuum in advance of the starting of the main engine. 
The valves in these branches are arranged so that they may be 
operated conveniently from the working platform. 


437. How are the receiver and exhaust piping of the main 
engine arranged and constructed ? 


The receiver and exhaust pipes lead the steam from one 
cylinder to another, or to the condenser. They connect with 
flanges to the nozzles on the different valve chests and the con- 


Fra. 126.—Spiral Sleeve Separator. By causing the steam to pass through the tortuous 
channel, à much greater surface is afforded for the adhesion of the water contained 
in it: hence a greater degree of separation is attained. 


denser shell. Large bends or expansion joints allow amply for 


the expansion and contraction, to prevent strains on the castings 
and bolts or danger to the tightness of the joints. They are 
generally of copper, although cast iron or wrought steel pipes 
are employed in certain engines. 


438. How are the auxiliary steam and exhaust pipes ar- 
ranged and constructed 2 1 

Тће auxiliary steam pipe is provided to supply steam to the 

different auxiliaries, independent of the main steam pipe. It 

connects with the smaller auxiliary steam stop valve on the 
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Ета. 127.—Section through the Boiler Room of the Steamer “ Inehmarlo," showing the 
Ellis & Eaves induced draft and central superheaters. The air for the induced draft 
is drawn in through the slides, A, at the front of the air tubes on the spar deck, 
passing down through the ducts, B, to the furnaces. In its path from the furnace it 


strikes the curled steam superheating tubes, thus assisting in superheating the steam. 
(See side view in Fig. 128.) 
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boiler, and has often a pressure-reducing valve near it. 
This reduces the admission pressure for the auxiliaries; super- 
heats the steam to а certain extent, and cuts down condensa- 
tion losses. The pipe is of copper, brass or iron, with flange 
connections for the main run, and flanged, or screwed, connec- 
tions for the smaller branches. 

Arrangements are made similar to those in the main steam 
pipe for expansion by bends or expansion joints; also provis- 
ions for complete drainage of all pockets. There are branches 
to а the auxiliaries, as well as to the sea-valve casings ‘under 
the valves, to blow impurities, obstructions and ice out of the 
strainers. Valves are generally fitted in the branches near the 
auxiliary steam pipe and near the engine of the auxiliary. 

The auxiliary exhaust pipe is somewhat larger, but arranged 
in the same manner as the auxiliary steam pipe. Its branches 
collect the exhaust steam from all the auxiliaries, and lead it 
either to the feed-heater, to the main or auxiliary condenser, 
or through the escape pipe into the atmosphere 

Occasionally, for better economy in the use of the steam for | 
the auxiliaries, the auxiliary exhaust pipe has a connection to 
the low-pressure valve chest, securing thereby an additional 
amount of work in the low-pressure cylinder from the exhaust 
steam. 

Branches from the auxiliary steam pipe lead to the differ- 
erent compartments of the hold for fire-extinguishing pur- 
poses.?? | 


(30.) SECTION 4,470.—Every steamer shall be provided with suitable pipes and valves | 
attached to the boiler,to convey steam into the hold and the different compartments 
thereof, to extinguish fire. | 

Воље ТУ, 7.—The main pipes and their branches required on steamers to convey | 
steam from the boilers to the hold and separate compartments of the same, except the 
cabins, shall not be less than 14 inches in diameter, except on steamers employed on 
Western rivers, which steamers may use branch pipes not less than three-quarters of | 
an inch in diameter. All branch pipes leading into the several compartments of the | 
hold of the vessel shall be supplied with valves, the handles marked so as to indicate the 
compartment ог parts of the vessel to which they lead. These valves or their handles 
shall be placed in the most accessible part of the main deck of the vessel, and so ar- 
ranged, when practicable, that all can be enclosed in а box or casing, the door of 
which shall be plainly marked with the words, “ Steam Fire Apparatus.” 
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Ета, 128.—Side View of the Superheater, etc., shown in Fig. 127. 
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439. What are the principal water pipes 2 

(1.) Condensing plant piping, comprising the circulating and 
air-pump suction and discharge pipes. 

(2.) Feed pump piping. 

(3.) Bilge and ballast piping, largely in suction and low- 
pressure leads. 


BY PASS VALVE 


iz) 


Fia. 129.—Type of Steam Trap Used with Marine Engines. 


(4.) Donkey, fire main, ash ejector, deck wash, evaporator, 
and other such systems of piping, which are largely discharge 
and high-pressure leads. 

(5.) Water service piping. ' 


| 
| 
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440. How is the condensing plant piping arranged and 
7 constructed 2 

The pipes required for the operation of the condensing 
plant are the air-pump suction and discharge pipes for jet con- 
densers, while for surface condensers the supply and discharge 
pipes of the circulating pump are added. 
_ The air-pump suction is frequently a part of the condenser 
shell or bed plate, and is, in that case, usually a cast-iron chan- 


Fia. 180. Fra. 131. Ета. 133. 


Fias. 130, 131.—Copper Expansion Loops and Joints, showing details of connections. 
Ете. 132 —Composition Slip Joints for Steam Pipes, showing telescopic arrangement to 
eompensate variations of length under differing temperatures. (See Section 436.) 


nel-way with a facing for the air pump. If a special pipe is 
fitted, it is generally a copper pipe, with flange connections of 
'sufficient strength and tightness to effectively resist the atmos- 
pheric pressure and maintain the vacuum. 

The injection pipes for jet condensation are frequently pro- 
vided also with surface condensers for cases of emergency. 
They are often in duplicate, one from the side, the other from 
the bottom of the ship, and have the cocks, or valves, to pass 
the water into the condenser, arranged in a position easily ac- 
cessible for operation from the working platform. 
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The air-pump discharge pipe, generally of copper, is con- 
nected to the hot well, at a sufficient height to secure a good 
head of water above the feed pump suction and discharges above 
the water line of the ship. The hot well has a copper vent 
and overflow pipe to the upper deck, to the side of the ship or 
to the feed tank. 

The circulating pump section pipe connects directly to the 
side, or bottom, of the ship, with a branch leading to the low- 
est point of the bilge. The outlet of the pump leads to top, 
or bottom, chest on the condenser, in such a way that any air 
collection may be drawn off through an air cock at the highest 
point. The outlet from the condenser connects to the side of 
the ship above the water line. 

The material of this pipe, carrying salt water, is always cop- 
per. The pressure is small and the thickness of the walls cor- 
respondingly light. The parts have flange connections. 


441. How is the feed piping arranged and constructed ? 


The feed piping carries the feed water to the boiler, and con- 
sequently must have great strength and tightness to resist the 
heavy pressure which, at times, may rise even above the ordi- 
nary working pressure of the boiler. There are two independ- 
ent leads of feed piping, corresponding to the main and aux- 
iliary feed pump. 

The pipes are of steel or copper, with flanges or screw fit- 
tings in small sizes. 


442. How are the bilge and ballast piping arranged and 
constructed 2 


The bilge and ballast piping lead the water from the differ- 
ent compartments to the manifolds and pumps in or near the. 
machinery зрасе. 

They are led horizontally, frequently exposed to corroding 
influences through long distances. Copper piping is the most 
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durable, lending itself readily to many bends and crooked 
leads, necessitated by the passing of numerous obstacles. 

In iron hulls, however, its low position, within reach of the 
bilge water that would set up a destructive galvanic action be- 
tween copper pipes and hull, induces many engineers to prefer 
galvanized wrought iron or cast iron pipes of heavy thickness, 
thus securing a reasonable durability. Lead piping is used 
with advantage in places not exposed to internal injury. 


443. How is the piping for the donkey, fire тај“, ash- 
ejector, evaporator, etc., arranged and constructed ? 


These general service pipes lead from the pumps to different 
places of operation, generally under pressure, and contain, 
sometimes fresh and sometimes salt water. They are best made 
of copper, as it is the most durable material under slight tem- 
perature elevations, without excessively high pressures. 

The connections are generally made by flanges. 


444. How are the water service pipes arranged and con- 
structed? 


The water service pipes serve the purpose of supplying 
cooling water to the machinery parts liable to become heated. 

Thus, from a sea valve, a complete system of pipes is led 
to the main bearings, the crank pins, the slipper guides, the 
cross-heads, the link gear, the eccentrics, the thrust-bearing 
and all shaft bearings with small cocks or valves at the end 
that regulate or shut off the supply. Frequently, universal 
joints are fitted for the extreme ends of the branches for di- 
rection of the stream to the place most in need of it. 

The piping is generally of brass with screwed fittings, often 
only in small sizes. 


(31.) Воље IV, 16.—All pipes used as mains for conducting water from fire pumps on 
board steam vessels, in place of hose, shall be of wrought iron or copper, with wrought | 
iron or copper connections; and an air-escape pipe must lead from the end of said mains 
to the upper deck, with a valve or cock attached. 
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445. How are the pipe connections? made 2 


The pipe connections unite the several smaller sections of 
tubing into one continuous line. The connection should have 
the same strength and tightness as the pipe itself, sometimes a 
higher strength, and also allow of easy and rapid connecting and 
disconnecting. Тһе connections are generally of the same, ог 
similar, material as the pipes, being for copper, brass or lead 
pipes of composition, while for iron and steel pipes they are of 
cast or malleable iron, semi-steel and cast steel. Two methods 
of connection are employed; the first one using two inde- 
pendent flanges on the ends of the pipes, clamped together by 


bolts; the second using one independent fitting, into which 


the ends of the pipes are screwed. 


(32. Тһе terminal and intermediate joints of all wrought iron and homogeneous 
steel feed and steam pipes over 3 inches in diameter, other than on pipe or coil boilers 
or steam generators, shall be made of wrought iron, homogeneous steel, or flanges 
of equivalent material; and all such flanges shall have a depth through the bore of not 
less than that equal to one-half of the diameter of the pipe to which any such flange 
тау be attached; and such bores shall taper slightly outward toward the face of the 
flanges; and the ends of such pipes shall be enlarged to fit the bore of the flanges, and 
they shall be substantially beaded into a recess in the face of each flange. 

But wheré such pipes are made of extra heavy, lap-welded steam pipe up to and 
ineluding 5 inches, the flanges may be attached with screw threads; and all joints in 
bends may be made with good and substantial malleable iron elbows or equivalent 
material. 

АП feed and steam pipes not over 2 inches in diameter may be attached at their ter- 
minal and intermediate joints with screw threads by flanges, sleeves, elbows or union 
couplings. But where the ends of such pipes at their terminal joints are screwed into 
material in the boiler, drum, or other connection, having a thickness of not less than lá 
inch, the flanges at such terminal joints may be dispensed with. When any such pipes 
are not over 1 inch in diameter, and any of the terminal ends are to be attached to 


· material in the boiler or connection having a thickness of less than % inch, a nipple 
. shall be firmly serewed into the boiler or connection against a shoulder, and such pipe 


— 


shall be screwed firmly into such nipple. And should inspectors deem it necessary for 
safety they may require a jam nut to be screwed onto the inner end of any such nipple. 

The word “terminal” shall be interpreted to mean the points where steam or feed 
pipes are attached tosuch appliances on boilers, generators ог engine as are placed on 
such to receive them. 

АП lap-welded iron or steel steam pipes over 5 inches in diameter, or riveted wrought 
iron or steel steam pipes over 5 inches in diameter, in addition to being expanded into 
tapered holes and substantially beaded into recess in face of flanges, shall be substan- 
tially and firmly riveted with good and substantial rivets through the hubs of such 
flanges; and no such hubsshall project from such flanges less than 2 inches in any case. 

Steam pipes of iron or steel, whenlap-welded by hand or machine, with their flanges 
welded on, shall be tested to a hydrostatic pressure of at least double the working press- 
ure of the steam to be carried and properly annealed after all the work requiring fire is 
finished. When an affidavit of the manufactureris furnished that such test has been 
made and annealed they may be used for marine purposes. 

‚ АП copper steam pipes shall be flanged to а depth of not less than four times the 
thickness of the material in the pipes, and all such flanging shall be made to а radius 
not exceeding the thickness of the material in such pipes. 
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446. What are the characteristics of flange connections? 
Flanges are the most important connection for all pipes over 
two or three inches in diameter, and for the highest pressures; | 
since a very uniform clamping pressure can be obtained 
through the numerous bolts in a large flange. 
They require, however, greater preparation for making the 
joint, as the flange faces must be square to the longitudinal 


Fic. 134.—Тһгее Styles of Flange Connections for Steam Pipes. At A, the two smooth 
faces are brought together and bolted; at B, a circular lug fits into a cireular channel, 
insuring tight joint; at C, the ends are cut so that one fits into the other. 


axis of the pipe. They must be tightly fastened upon the 
pipes, the bolt-holes to correspond ; the packing must be fitted 
smoothly and neatly between the faces, and the bolts drawn up 
uniformly. 

Outlets or bends are made by special flanged fittings of 
composition for copper pipes, and of cast or malleable iron, | 
or cast steel, for steel and iron pipes. 

The flanges should be stiff, to avoid all springing, and have 
numerous bolts with close spacing, particularly for high press- 
ures. The faces of the flanges are frequently smooth or with 
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low male апа female projections that, with high pressure, рге- 
vent the packing from being blown out. There is generally 
provided between “һе flanges some packing material of soft 
metal,like copper or Babbitt,or rubber gaskets,or red lead 
cement, with canvas, or paper, slightly compressed and filling 
all unevenness in the faces. 

The flanges are provided with small bosses to give a longer 
bearing on the pipes. For steel pipes they are tightly fas- 


на, 1 FIG. 2 
Н.М. 8. “POWERFUL” Н. M. 8. “AMPHITRIT E 


FIG. 3 H. M-&. “KING ALFRED” Fla. 4“ 
МИЛ) 


єз 
E в. 
бе m 


сеге) SENS 


Marine Engineering 


- Бс. 135.—Several Varieties of Flange Connections Used on British Warships. The con- 


— > 


structions shown in Figs. 1 and 2 were used for steel pipes having a copper ring between 
the pipe ends. They were unsatisfactory on account of corrosion. Fig. 3 is a steel 
pipe joint with steel flanges screwed on the pipe ends. Fig. 4 is a copper pipe joint 
with flanges of brazing metal. 


tened by screwing or riveting, withthe ends of the pipes ex- 
panded into slightly conical holes and beaded over into а re- 
cess in the face of the flange. 

For copper pipes the flanges are braced or riveted on, and 
the ends of the pipes beaded over into recesses. Cast-iron 
pipes are sometimes cast with flanges, while wrought-iron pipes 
may have the flanges welded on. 
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447. What are the characteristics of screwed fittings 2 


The screwed fittings have universally right-hand thread, and, 
therefore, cannot be removed out of the middle of a pipe line. 
The joints are very easily made, as the thread serves at the 
same time, for tightening and drawing the pieces together 
longitudinally. No special packing is required, except some 
red lead on the threads, to fill the small interstices. Outlets 
and bends are similar to the regular couplings in the screw 
thread connection, being made with the greatest ease. 

Screw-fitting connection is limited to small pipes, up to 
about two or three inches in diameter for convenience of 
handling on shipboard, where space is usually restricted for 
mounting and dismounting of the pipes. To make access to 
the line more convenient, flanges, or unions, are fitted at inter- 
vals, to allow disconnecting without longitudinal movement. 
A union is a throw-over nut that leaves the pipes stationary 
while it turns itself. It hooks behinda collar on one pipe end 
and screws into the other one, thus clamping them tightly to- 
gether with a packing gasket between. 


448. How are the pipes passed through bulkheads and 
sides of tanks P 


Pipes passing through bulkheads, or the sides of tanks, are 
preferably independent from them in their joints. For this . 
purpose a short piece of flanged, or screwed, pipe is pushed 
‘srhrough the bulkhead and connected to it by a large bolted 
collar inthe middle of the pipe. The short nipple, reaching 
out from the bulkhead on either side, thus affords convenient 
connection by bolts, or coupling, to the next length of piping. 

Another method is that of fitting a divided stuffing box on 
the bulkhead over the pipe, which thus gains the advantage of 
sliding through the bulkhead upon expansion or contraction, a 
feature particularly desirable for steam pipes. 


1 
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449. What is the duty of valves and cocks 2 

Valves and cocks serve to place the whole, or a part, of the 
pipe lines in or out of communication with the working parts 
of the machinery plant. They may, at the same time, exer- 
cise aregulating influence upon the amountand velocity of the 
working fluid. | 

Their necessary characteristics are permanent strength and 


tightness, under frequent and rapid making, or breaking, of the 


communication. Ease and quickness of operation, with small 
wear and repairs of the working parts, and a certain indiffer- 
ence to the quality of the working fluid are qualities highly de- 
sirable in valves and cocks. 


450. What is the distinguishing difference between valves 
and cocks ? 

The distinguishing difference between valves and cocks is in 
the amount of bearing and tightening surface. Valves bear 
and grind upon a narrow and small seat only, when in, or near, 
the closing position, while cocks bear and grind always upon a 
wide and large seating surface. 

The wear in valves 15, therefore, much less, and they are kept 
tight much more easily under high pressure than cocks, leading 
to a complete replacing of cocks by valves for all places where 
frequently used. 


451. What kinds of valves are used in marine practice ? 
(1.) Globe valves of straight-through or angle connection. 
(2.) Gate valves. 

(3. Butterfly valves. 


452. What are the characteristics of the globe valves ? 
The globe valves are distinguished particularly for their 
strength and tightness. The valve moves and is pressed squarely 
against its seat by the closing pressure in valve stem or work- 
ing fluid. The angle connection is very frequently found in 
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marine practice as making the path through the valve less 
crooked and tortuous than with the straight-through connec- 
tion. 

The deflection in the path through the valve is an objection, 
as producing considerable friction and, consequently, loss of 
power, with higher speed of the working fluid. 

Steam stop and feed check valves are usually of the globe 
pattern. 

The valves themselves may be operated by screwing or slid- 
ing stems, or may be entirely automatic, like pump valves, 
fitted only with a stem for limiting or preventing the automatic 
lift. 

Some engineers prefer to have the excess pressure below the 
valve, which has the advantage of relieving the stuffing-box of 
a permanent exposure to pressure, and of ease and rapidity in 
opening the valve with the help of the pressure. The disad- 
vantage is that thefull pressure must be resisted by the valve 
stem in the closed position. 

Other engineers prefer to have the excess pressure on top of 
the valve, thus aiding in tightnening and relieving the valve 
stem of pressure, except for opening, which is, in large valves, 
necessarily somewhat slow and laborious. At the same time 
the stuffing-box is permanently under the influence of the 
pressure and requires more care and attendance. 

To overcome the difficulty of opening large valves, by-passes 
in form of small valves are often fitted, or a balanced arrange- 
ment is fitted, combining two lift valves or combining one lift 
valve with a sliding, packed piston. 


453. What are the characteristics of the gate valves and 
butterfly valves ? 

The principal distinction of the gate valves and butterfly 

valves is that the passage through them is straight and 

undeflected, forming, practically, a part of the section of the 
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pipe. The friction resistances in the valve are, consequently, 
not much more than inthe pipe, and higher speed of the fluid 
can be successfully employed. The valves being moved, or 
swung, across the flow, are not quite as reliable in regard to 
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Fic. 136.—Two Sections of a Gate Valve, showing constructional details. 


strength and tightness as globe valves, although gate valves, 
being wedged between conical seats in the closing position, are 
successfully employed for even the highest pressures. 

Butterfly valves do not overlap their seats and are, therefore, 
not fit for sustaining large excess pressure. They are useful, 
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however, on account of ease of operation and being light, 
cheap and fully balanced. 

Gate valves of large dimensions require smaller by-pass 
valves, as the friction on the seat proves too severe, under 
heavy pressure, for the strength of the spindle, ortoo slow for 
practical requirements. 

A. special form of gate valves are the sluice valves, used in 
water-tight bulkheads, to allow water to pass from one com- 
partment into another. 


- Fra. 137.—Section Through а Type of Globe Valve. 


454. How are the valves arranged and constructed ? 


The valves are arranged to afford ease of operation. They 
are fitted at the ends of the main, or branch, pipes near the 
machines, or at the side of the ship, and afford, thereby, the 
chance of disconnecting, replacing or repairing certain parts 
without disturbance to others. They should be placed in posi- 
tions easily accessible to the engineers, as rapidity of opera- 


| 
| 


PIPING AND GENERAL OUTFIT. 287 


tion may be of vital importance to the safety of the machinery 
and attendants. 

The valves and their seats, as well as stuffing-box mountings, 
are generally of bronze to prevent corrosion or rusting. In 
small valves the casing and spindles may be of composition, 
but for larger ones the casings are generally of cast iron, or 


_ steel, and the spindles of wrought steel. The connections to 


the pipes are made by bolted flanges, or screwed sockets, cast 
upon the casings. 

The tightening face of the valve is constructed in different 
Ways; some constructions employ bronze оп bronze, others 
rubber, vulcanite or soft metal removable discs in the valve оп 
bronze seats, while, in gate valves, bronze gates on Babbitt seats 
are used for water service of low temperatures. 

The spindles and valves are raised generally by screwing. 
The threads of the nut are sometimes cut into the cover cast- 
ing; the nut is held by the cover below the stuffing-box ; or, as 
generally used in large valves, the threads are in a bridge, held 


_ down to the cover by two standing bolts, being thus easily 


fitted and replaced when worn. 


455. How are the cocks arranged and constructed ? 
Cocks give a straight passage without deflection to the flow 
‚ОЕ the liquid and are useful in small sizes on account of the 


_ rapidity of their operation. They prove most desirable when 


only occasionally used, and when the liquid is fairly clean and 
free from grit. 
In cases where a three-way connection and a rapid change 


- from one inlet, or outlet, to another is desired one cock can 


take the place of two or three valves with advantage. In this 
case there is a third or bottom outlet provided on the casing 


of the cock. The connections are made by bolted flanges or 


Брун 


screwed sockets. 
Cocks are generally conical plugs fitted into casings, carrying 
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the inlet and outlet openings. The plug overlaps the openings, 
at the sides and ends, sufficiently to prevent any leakage 
through the ground joint. А square is fitted on the top for the 
attachment of the wrench or handle supplying the leverage for 
turning the cock. A nut and washer at the bottom hold the 
cone tightly down upon its seat, and allow a certain amount of 
drawing-up to compensate wear and consequent re-grinding of 
the plug. Cocks аге sometimes packed at the top and provided 
with tightly closed bottom, to prevent any leakage to the out- 
side. | 

To insure complete tightness around the circumference, 
strips of asbestos, or similar packing, are sometimes fitted, 
bearing longitudinally against the wall of the plug. Cocksare 
generally of composition throughout. 


456. How are the sea-valves? arranged and constructed 2 


The sea-valves are fitted over the openings in the side and 
bottom of the ship and are of the greatest importance for its 
safety. They should be strong, tight, simple and permanently 
accessible under all circumstances. 

Their construction is generally in the angle globe form, of 
cast iron, brass mounted, or entirely of composition. They are 
connected with the outboard nozzle directly to the side of the 
ship, or else attached to a box,or cylindrical shaped neck, 
reaching out from the skin beyond the framing, or inner bot- 
tom, for more convenient connection. Sometimes several sea- 
valves are attached to one neck and one opening. 

The attachment of the box is made by riveting to iron hulls, 
with stiffening rings under the flange, and with bolted flanges 


(33.) Естж II, 38.—All holes cut through the bottom or bilge of a steam vessel that are | 
covered by a sea valve or cocks and secured to the skin of the vessels by bolts, and 
connected to the engines and boilers by pipes, shall be arranged so as to be accessible at 
all times, so that if a leak or defect occur it can be reached. \ 

АП parts of said valves, except the chamber, shall b? made of brass ог bronze when 
used on wooden hull vessels navigating salt water; би, in the case of шоп hull vessels | 
th- brass or bronze bolts may be dispensed with. - 
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Fig. 138.—Section and Ground Plan of the 
Kingston Sea Valve, with proportional 
figures. 


289 


in wooden hulls. The valves are 
connected with flanges and nu- 
merous studs or bolts. 

Strainers are provided for all 
inlet valves to prevent the en- 
trance of impurities, floating ob- 
jects, ice, Cte. A small steam 
connection to the neck below 
the valve allows the blowing-out 
and cleaning of the strainer. 

To prevent injury to iron 
hulls by galvanic action, zinc 
rings are fitted around the 
opening in such way as to be 
accessible for inspection and 
renewal. 

The outlet or discharge valves 
of merchant steamers are nearly 
always above the water line, 
and, therefore, less likely to 
prove dangerous to the safety 
of the vessel. 

For lighter service, check 
valves or even butterfly valves 
are considered sufficient. 

Great care should be taken in 
the arrangement of the зеа- 
valve piping that no flooding of 
the ship can take place through 
ignorance or carelessness. All 
pipes leading to the bilge, and 
standing in connection with sea- 
valve pipes, should. have auto- 
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matic check valves at the end to positively prevent all possible 
return of water to the hold. 


457. How are the manifold valves arranged and con- 
structed 2 

Manifold valves are a combination of several valves into one 
single, large discharge box made of cast iron, brass mounted, 
or entirely of composition. 

They prove very convenient for "n engineer, especially 
with bilge and ballast pipes, which are allled to their own suc- 
tion valves in the manifold. This, in turn, is connected to the 
pump by only a single pipe. 

458. How are the strainers arranged and constructed ? 

Strainers are desirable on the open ends of all inlet or suc- 
tion pipes to prevent the drawing in of impurities and objects 
that might interfere with an efficient working of the valves or 
pistons. They are often arranged in basket form and enclosed 
in a box, with quickly removable cover, so that one basket 
full of impurities can be quickly replaced by a clean spare one. 


459. What element in the distribution of the electric cur- 
rent of the dynamo is analogous to the steam and 
water piping ? 

The wiring carries the electric current in the same manner 
as the piping carries steam and water. 


460. What are theimportant parts of the distributing sys- 
tem of the electric current ? 
(1.) The switchboard. 
(2.) The wiring. 
(2.) The lampsand motors. 
461. How is the switchboard arranged ? 


The switchboard assembles in a convenient position the in- 
struments for the control and the switches for the distribution 


PIPING AND GENERAL OUTFIT. 291 


of the current upon an incombustible support. It is best made 
of slate or marble set off from the wall of the dynamo room 
for easy access to all connections. The instruments it carries 
are, generally, an ammeter, to show the strength of the current ; 
a voltmeter, to show the tension of the current; a rheostat, for 
regulating the current of the fields of the ibus a switch, 
to break the total current, to cutoutany of the external circuit 
and safety fuses, or to preventany circuit from carrying more 
than its safe load of current. 

The two poles of the dynamo connect by heavy cables to 
the bus bars, from which the external branch circuit starts. 


462. How is the electrical wiring arranged ? 


The electrical wiring carries the current to the lamps or 
motors. Itis of the best copper, thoroughly insulated to prevent 
short-circuiting. Оп shipboard it is generally arranged onthe 
two-wire principle, with the lamps, or motors, in parallel, which 
system allows an easy cutting-out of any desired number. 
Frequently a number of lamps are connected to one junction 
box, which is supplied from the switchboard through two 
heavy wires. 

The wires are protected from external i injury to themselves, 
or their insulation, by being placed in wooden mouldings, or in 
iron tubes, lined with insulating material. These latter are, 
necessarily, in exposed places, fire rooms, engine rooms, around 
the decks, in the holds, etc. The junction boxes have safety 
fuses, and connections arranged in incombustible porcelain or 
lava blocks. 


463. How are the lamps and motors arranged ? 

The lamps are arranged in substantial supports with good 
protection to the insulation of the wires at their connection. 
For exposed places extra globes or wire protectors are pro- 
vided to prevent breaking of the bulbs. 


292 QUESTIONS FOR MARINE ENGINEERS. 


The motors ‘are fitted on substantial foundations, witl 
switches for handling in convenient positions. 


464. What fittings are provided inthe engine room for th 
convenience of the engineer ? 
(1.) Several gauges and a clock on the gauge-board. 
(2.) Thermometers. 
(3.) Revolution counter and speed indicator. 
(4.) Speaking-tubes, mechanical ae and gongs. 
(5.) Governors. 


465. How is the gauge-board arranged P 

The gauge-board is generally an ornamental tablet of wood 
or metal, in a position easily seen by the engineer on the work 
ing platform. It carries gauges, indicating the pressure in th 
boiler, the receiver and the vacuum in the condenser. 

A clock is generally also fitted on the gauge-board for obser 
vation of the watches. 


466. How are the thermometers arranged ? 


Thermometers are arranged for taking the temperature o 
the hot well water of the injection, or circulating, water at inle 
and at outlet. Sometimes thermometers are provided for tak 
ing the temperature of the steam, at the throttle, receivers an« 
exhaust pipe, especially with superheated steam.. 


467. How are the revolution counter and speed indicato; 
arranged P 

The revolution counter gives the total number of revolution: 
made. It is driven from the engine by gears or ratchet and is 
therefore, arranged near it. It is sometimes on the gauge 
board or in a position where easily seen. 

Special speed indicators, the so-called tachymeters, driver 
from the engine, give the number of revolutions per minute 

In single cylinder beam engines, where the engineer canno 
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see the crank moving, а dial is arranged at the platform that 
shows through gear connection to its hand how the crank 
tands. Тһе engineer can thus bring the engine toa stop ina 
osition convenient for an effective start. 


468. How are the speaking-tubes, mechanical telegraphs 
and gongs arranged ? 

` For communication from the working platform to the pilot 

house of the ship, and to the chief engineer’s state-room, speak- 

ing tubes of copper or brass are provided with whistles and 

mouthpieces. The firerooms also are, in large installations, 

connected to the platform for more rapid communication. 

The orders from the pilot house for starting and stopping are 
frequently transmitted by mechanical, or electrical, telegraphs, 
that show on a dial the instruction to the engineer. To pre- 
vent errors the engineer often repeats the orders in return. 

Gongs are provided to give the orders in audible form, 
while a small jingle bell calls the attention of the engineer to 
the orders that will follow. 

Telegraphs and gongs are usually of composition, with wire 
or chain pulls, leading over sheaves, in as straight a lead as pos- 
sible, from the pilot house. 


469. How is the governor arranged ? 

' Governors, for the regulation of the speed of the engine, are 
not very popular with marine engineers, as being not quick and 
decided enough. Particularly with multiple cylinders, a change 
in the steam supply of the high-pressure cylinder is felt only 
after some time. The best arrangement effects the reversing 
engine, putting it and the links on the centre position, and, 
thereby, stopping all cylinders. 

Governors may prove valuable in accidents, like the dropping- 
off of the propeller, or the breaking of the shafting, to prevent 
the running away of the engine. 
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470. What provision is made for easy access to all parts 


of the machinery plant ? 


Access to the machinery for inspection and operation by 
the engineer is facilitated by flooring, platforms, ladders and 
handrails. | 

The flooring is arranged above the framing of the ship at a 
height convenient for access to all the main bearings and aux- 
iliaries in the engine room and for access tothe furnaces and 
ash-pits in the boiler room. It consists of wrought or cast 
iron, corrugated or checkered plates, which afford a substantial 
and secure foothold, even if wet or greasy and under motion of 
the ship in a seaway. 

To prevent tools or nuts and bolts from falling into the 
bilge, the flooring should fit perfectly tight around the machin- 
ery. It should also be well bolted to the supporting beams, so 
as not to get adrift under wash of bilge water or movements 
of the vessel. 

The supporting beams are generally of angle iron, bracketed 
to the framing of the ship and supporting stanchions. Since 
large quantities of coal or ashes have occasionally to be sup- 
ported by the flooring in the boiler room, it should be always 
strong enough for this purpose. 

The platforms or galleries are provided in one or more tiers 
around the engine or boilers to allow convenient access to all 
the different parts and valves, which may need the care and 
superintendence of the engineers. To admit light and air to 
the floor these platforms are generally iron gratings of round 
or square bars, fitted in flat-bar frames, and supported on 
ledges, or brackets, from the walls of the casings, beams above, 
or other convenient points of support. Where they pass di- 
rectly over working parts of the engine, a wooden board or 
pieces of linoleum are sometimes fitted on the grating to pre- 
vent dirt from falling into the bearings. 
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To establish connection from one platform or deck to another 
| ladders are provided. These are made of iron, and are similar in 
| construction to the platforms, by having round or square bars, 
fitted at suitable intervals between the flat iron bars that con- 
nect the landings. Handrails of round brass tubes, or iron 

bars, are fitted to secure safe passage even in heavy seaway. 
Handrails all around the moving parts of the machinery pro- 
‘vide the necessary safeguards to the engineers and prevent ac- 
cident under violent movement of the ship. 


ЕЕ 


Fie. 139.—H ydraulic Pulling Jack. 


471. What provisions are made to assist the engineer to 
greater familiarity with the machinery and so guard 
against mistakes? 

The most thorough familiarity and rapid distinction of any 
particular part of the machinery may prove of the highest im- 
portance to the safety of the ship and the attendants. Every 
‘effort is, therefore, made to allow the readiest passage around 
all parts and to illuminate the entire machinery plant, so that 
the condition of any portion of it may be observed from a dis- 
tance, and even from the working platform. 

To prevent mistakes in the handling of the valves and levers, 
all hand-wheels and handles are designated by large, legible 
labels and have indicators to tell if they are open or shut. A 

- great help is the painting of the pipes or their lagging with 
strong and distinctive colors, choosing a well defined and de- 
scribed schedule which may be readily learned by all attend- 
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ants. The paint of the engine room, and the stationary ma- 
chinery parts, is салатты of some light shade, which, al- 
though more easily soiled, reflects the light better. 

Illumination with electric lights can be established success- 
fully everywhere, even between and around the boilers, coal 
bunkers and passages. 


Fia. 140.—Hydraulic Bolt Extractor. 


472. What provision is made for spare parts, tools and 
fittings ? 

Spare parts, tools and fittings are supplied in varying quanti- 
ties, according to the length and character of the voyage. 
Coastwise and river steamers, being always near repair shops, 
require only a small outfit, while sea-going, trans-Atlantic 
steamers are prudently provided with a very large outfit. 

These spare parts require considerable room, which is always 
at a premium, on board ship. Consequently, a careful consid- 
eration of stowage should be made by the engineer, Hanging 
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` of the smaller parts on the walls of the engine room casing is 
one popular method of stowage; while the larger parts find 
secure fastenings upon special blocking on the flooring, the bilge 
or hold stringers, or other spaces not occupied by the machin- 
ery. If the space in any way allows, a special room off the 
· engine room is alloted entirely to a workshop, where a bench 
and vises are fitted, racks for wrenches and tools, and, occasion- 
ally, even a drill-press and a lathe. 

In the fire room, racks are provided for the firing tools, coal 
hammer, hose for cooling ashes, etc. Lifting arrangements 
are provided for all the heavy parts of the machinery; a crane 
beam usually running above the cylinders with lifting tackle of 
hydraulic, differential or helical gear. 

Movable hydraulic, or screw, jacks serve on numerous occa- 
sions most effectively for all kinds of lifting or propping-up of 
less accessible parts. Eye-bolts and jack-bolts are arranged for 
in all parts that are likely to be handled in order to facilitate and 
accelerate the work, as much as possible, in the necessarily 
crowded quarters. 

The engineers of larger steamers generally find a desk with 
drawers at the platform for the keeping of the log-book, ac- 
counts of the different supplies, etc., also for storing the indi- 
cators and their cards, a planimeter, test-gauges, thermometers 
and salinometers. 

Emery paper, washers and sheets of rubber or other mate- 
rial, with scissors and special circular cutters, are frequently 
stored in drawers for distribution by the engineer. 

All the prepared packing for covers, stuffing-boxes, etc., is 
stored in drawers, ready for immediate use, marked and labeled 
- as asbestos, metallic, rubber, hemp or other variety of packing, 
for the different requirements. 

in convenient places of the engine or boiler room bags or 
tanks for Babbitt metal, mineral wool, felting and bagging are 
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placed, also for clean and for dirty cotton waste, for paints of 
different colors, and red and white lead. 

Oil tanks are provided for cylinder oil, engine oil—sometimes 
for a special grade of dynamo oil—for tallow and for kerosene. 
For convenience of working, a small tank with a lock, holding 
enough oil for about twenty-four hours, is provided ina position 
convenient for the oilers. A sheet brass leakage box is ar- 
ranged under the faucet of this tank and holds a copper fun- 
nel, a quart or half gallon measure and three or four oil 
cans. 

To store fresh water, one or more large, well-stiffened, 
wrought-iron feed tanks are provided in the inner bottom or in 
any convenient place. They connect with valves and piping 
to their respective pumps, and are provided with manholes, 
air vent or overflow pipes, drain-cocks and water gauges. 

The bunkers containing the coal are, in large ships, provided 
with trolleys, on which the coal is transported to the furnaces 
in buckets. 

The bunker doors are sometimes of the vertical, sliding 
type, or only wooden boards are fitted over the door openings. 
Coal scuttles are distributed in the decks above, to allow a good 
distribution and as high a stowage as possible of the coal in 
the bunker. | 

Illumination and ventilation are, ог might be, of such extent 
as would facilitate and accelerate the laborious work in these 
necessarily gloomy places, 
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PART SEVEN. 


CARE AND OPERATION OF A MARINE 
ENGINE. 


CHAPTER TWENTY-ONE—LUBRICANTS AND LUBRICATION. 
CHAPTER TwENTY-TWO—PACKING AND PACKING MATERIALS. 
CHAPTER TWENTY-THREE—CARE AND OVERHAULING IN PORT. 
CHAPTER TwENTY-FOUR—LAYING UP A MARINE ENGINE. 


CHAPTER TWENTY-FIVE—CARE AND OPERATION UNDER WAY. 


ЕТ. TWENTY-ONE. 
LUBRICANTS AND LUBRICATION. 


473. What is the fundamental duty of lubricants 2 

The fundamental duty of all lubricants is to reduce friction 
between two bodies, one of which is in motion while the other 
is at rest. 


474. What is friction ? 

Friction is the resistance between the contact surfaces of 
two bodies which prevents easy sliding of one upon the other, 
and requires a certain force to effect the sliding. 


475. Upon what does the magnitude of the friction 
depend ? 

u.) Upon the hardness or softness of the materials. 

(2.) Upon the pressure that the bodies exert against one 
another. 

(3.) Upon the condition of the surface of contact, whether 
smooth or rough. 

(4.) Upon the speed with which one passes over the other. 


476. What kinds of friction are distinguished ? 

Friction may be distinguished as friction of rest and as fric- 
tion of motion. The former must be overcome when one of 
the bodies starts its motion, and is greater than the friction 
overcome during established motion of the body. 

Another distinction is between sliding and rolling friction. 
The former must be overcome, where the same parts of the 
moving body are always in contact with the support, as in the 
cross-head slipper on the slipper guide, and rods in their 


stuffing-boxes. Rolling friction must be overcome where new 
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parts of the moving body come into constant contact with 
the support. 


477. What is fluid friction 2 


Fluid friction is that existing between the different moving 
particles of a liquid or gaseous fluid. 


478. What influence have the materials of the moving 
bodies upon friction 2 


The materials of the moving bodies have a certain influence 
upon friction, depending upon their degree of hardness, as the 
harder the surface the more easily is the smoothness retained. 

With thorough lubrication the material itself is of no great 
importance, as the lubricant keeps the bodies from direct 
contact. 

The anti-friction metals, as commonly used in bearings, 
generally do not reduce friction directly, but act by being 
easily reduced to a smooth surface, due to their softness. 


479. How does lubrication reduce friction ? 


Lubrication reduces friction by keeping the bodies separate 
by a film of the lubricant, thus preventing their direct contact, 
and in substituting the fluid friction of the particles of the 
lubricant for the friction of the solid bodies. 

The completeness of this substitution depends upon the 
completeness. of the supply of lubricant, as, with scant supply, 
the friction will be more like the friction between the bodies 
than that between the particles of the lubricant. 


480. What takes place when the lubrication is insufficient 2 


If the lubrication is insufficient for keeping the moving 
bodies separated, heating is apt to take place under the solid 
friction, and, at last, “seizing,” by which the smoothness of 
the surface is rapidly destroyed. 
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481. What influence has lubrication upon the economy of 
running marine engines ? 

The influence of lubrication on the economy of running 
marine engines may be considered in regard to three points: 

(1.) Frictional resistance in the engine. 

(2.) Wear on the bearing surfaces, heating, repair and delay 
by interruption of voyage. 

(3.) Cost of lubrication. 


482. How is the friction of the engine affected by the 
lubrication 2 

The frictional resistances in the engine may be large or 
small, as the lubrication is poor or good. 

If the friction of the engine at full power is as much as 14 
per cent, or more, of the total power, it is decidedly advan- 
tageous that another two or three per cent. of the total power 
be saved by efficient lubrication, saving the same percentage in 
coal consumption. 


483. How is the wear and tear of the engine affected by 
the lubrication ? 
Ample lubrication can effectively prevent heavy wear, thus 
saving considerable labor and money. With good lubrication, 
the bearings will keep a smooth surface, will not heat, and will 
| require no extra attendance. No stopping of the engine need 
occur on the voyage, and breakdowns will be less frequent. 
On coming into port, very little repair will be needed, and 
the ship will be delayed but little in her money-earning occu- 
pation. 


_ 484. How is the cost of lubrication affected by the different 
rates of supply and by different qualities of the 
lubricant ? 


. Undoubtedly, the direct cost of lubrication will be higher, 
with ample supply of high-grade lubricants, but the indirect 
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advantages, in saving coal by reduction of friction and in re- 
ducing the repair bill and lost time to the smallest possible 
amount, will make that system probably most economical that 
supplies the best quality in ample, although not wasteful, 
quantity. 
485. What are the important qualities that a lubricant 
should possess ? 

(1.) Body. 

(2.) Fluidity. 

(3.) Freedom from gumming ingredients. 

(4.) Freedom from acidity. 

(5.) Stability under temperature changes, 

(6.) Freedom from all foreign matter. 


486. What is understood by the term “body of a lubri- 
cant 2" 

The “body of a lubricant" indicates a certain consistency, 
or substance, that prevents it from being squeezed out easily 
from between the moving bodies. The particles of the lubri- 
cant should adhere as firmly as possible to the moving bodies, 
thus securing effective separation and prevention of direct 
contact. 

The body of the lubricant will also prevent a too rapid run- 
ning-off of the lubricant. 


487. What is understood by the term “ fluidity of the 
lubricant 2" 

The fluidity of a lubricant refers to a certain lack of co- 
hesion between the different particles of the substance, that 
reduces the fluid friction to a minimum. As this fluid fric- 
tion should be mainly the resistance that must be overcome, 
fluidity, so far as it does not oppose “ body,” is a desirable 
quality. Excessive fluidity lets the lubricant run off too 
quickly, thus leading to waste. 
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488. Why should lubricants be free from gumming in- 


gredients 2 
A lubricant that gums loses its fluidity easily, collects dust 


and grit, and thus increases friction and wear and tear gener- 
ally. 


489. Why should lubricants be free from acidity 2 


A lubricant that holds free acid would attack the bearing 
surface, destroy its smoothness, increase friction and lead to 
frequent and costly repairs. 


490. Why should lubricants possess stability under tem- 
perature changes ? 

Lubricants should retain their good qualities, even when 
used under high temperatures, as in steam cylinders or valve 
chests, or when used under low temperatures, as in ice 
machines or exposed winches and windlasses. They should 
not evaporate nor be decomposed by the heat, nor congeal by 
the cold, and should retain their normal body and fluidity as 
much as possible. 


491. Why should the lubricant be free from all foreign 
matter 2 

Foreign matter will increase the friction, and clog the feed- 

ing tubes, thus leading to dangerous accidents. Water in the 


‘lubricant decreases the amount that the wick can draw, where 


wick feeding is employed. 


492. What determines mainly the choice of a lubricant for 
a given purpose ? 
GD) Рисе. 
(2.) Pressure per square inch of surface. 
(3.) Velocity of one body over the other. 
(4.) Temperature. 
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For heavy pressures, the lubricant should have a good deal 
of body, while for lighter pressures this is not so important. 

For high speed, the lubricant should, preferably, possess 
good fluidity, while, for slow speed, less fluidity is desirable to 
prevent useless waste. 

For low temperatures, light mineral oils are preferable as 
lubricants, while for high temperatures heavy mineral oils are 
employed. 

For marine engines, generally, two kinds of lubricants are 
selected, one for internal, or cylinder lubrication, the other for 
external, or engine lubrication. From these two qualities 
many engineers produce intermediate grades by mixing, as 
they consider them best suited to the different and varying 
requirements in the engine. 


493. How are lubricants classified 2 


Lubricants may be classified as 
(1.) Solid. 

(2.) Semi-liquid. 

(3.) Liquid. 


494. What are the characteristics of solid lubricants 2 


The solid lubricants are generally graphite or soapstone. 
They are well adapted to bearings, with heavy pressure and 
slow speed, where they have been found very lasting and 
economical. 

Graphite, being unaffected by even the highest temperatures, 
is considered by some engineers an excellent lubricant for 
steam cylinders and valve chests, and is either fed continually 
into the cylinder or applied only by occasional rubbing upon 
the cylinder walls, valve-seats and faces. 

For surface condensing engines some engineers object to the 
use of graphite in the cylinders, as being liable to reduce the 
cooling efficiency of the condenser by coating the tubes. 
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| Soapstone is sometimes used mixed with oils, for a lubri- 
ant, on journals that are liable to run hot. 

Sulphur powder is also mixed with oil for the lubrication of 
hot bearings. 


495. What are the characteristics of semi-liquid lubri- 
cants 2 
-Semi-liquid lubricants are employed in the form of grease 
and tallow. They are well adapted for heavy pressures under 
slow speed, but not for high speed, as their internal or fluid 
friction is considerable. 

One great advantage of semi-liquid lubricants is their dura- 
bility and lasting quality. They do not run all over the engine, 
which fact enables the engineers to keep the machinery in very 
neat and clean condition, and, as many think, offsets the dis- 
advantage of greater friction. 


496. What are the characteristics of liquid lubricants 2 

Liquid lubricants are the most commonly employed for all 
purposes of either internal or external lubrication. They 
represent, in some forms, the highest quality of lubricants, 
having considerable body, with good fluidity and small internal 
friction. Their fluidity, however, may lead to large and even 
wasteful consumption ; and, by being easily spattered over all 
parts of the engine, they do not allow of as great cleanliness 
as may be had with the semi-liquid lubricants. 


497. What other classification of lubricants may be made ? 
Lubricants may be classified according to their origin, as: 
(1.) Mineral. 

(2.) Animal. 
(3.) Vegetable. 


498. What are the characteristics of mineral lubricants ? 
Mineral lubricants may be used directly in powdered form, 
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like graphite or soapstone, or they may be gained in the 
semi-liquid form of grease, or the liquid form of oil, by the 
distillation of petroleum. | 

The mineral oils are the most important lubricants, and 
since, with modern methods of manufacture, their price is 
relatively low, their use is rapidly becoming universal. They 
retain their qualities well in the air, and, if pure, do not gum 
or dry up. They are characterized and judged by color, 
specific gravity, body, flashing point, burning point, cold-test 
point, and by the amount of suspended matter. 

The color, for the different grades, varies from light yellow 
to dark brown. 

The specific gravity ranges from 88 to 92, and the heavier 
oils are generally, also, the thicker and less fluid. The bodyis 
generally higher with the thicker oils, comparing those of the 
same color. 3 

А compromise between body and fluidity must be made for 
the best and most economical result, so that good adhesion 
and slow running-off is combined with moderate internal fric- 
tion. 

For cylinder oils:the body should be the more pronounced 
quality, as fluidity is increased by elevation of temperature. 

The flashing point is the temperature at which the oil gives 
off inflammable vapors, while the burning point is the tem- 
perature at which the oil itself takes fire. Particularly for 
cylinder lubricants these points are of great importance, and 
an oil should always be employed that has the flashing point 
considerably above the temperature of the steam. 

The cold-test point is the temperature at which any given 
grade of oil will either freeze or become cloudy. The amount 
of suspended matter is, with the light oil, directly seen or, for 
the darker oils, determined by mixing and shaking with a 
relatively large quantity of gasoline. 
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99. What are the characteristics of the animal oils ? 


The animal oils are gained in semi-liquid form, as tallow, or 
n liquid form, as sperm, whale, fish, lard and Neat’s foot oils, 
jy boiling or melting from the raw animal parts. Animal 
ils are decomposed gradually by the air, and turn rancid 
inder development of acid. As some of them are treated by 
icids in the process of manufacture, they are liable to have an 
иста reaction, and are then undesirable. 

Tallow is used for slow running shafts and moderate press- 
ires, also for internal lubrication of engines with injection 
condensation. It is also frequently applied to hot bearings. 
t should be free from all acid. Beef-tallow is considered the 
nost desirable, and should be hard, granular, and of uni- 
ormly white color. Good tallow should be clear upon melt- 
ng, without the rancid, disagreeable smell produced by mut- 
on or other tallows. Mutton tallow and horse tallow, or horse 
ггеазе, are of inferior quality, but are used with advantage by 
nany engineers. 

Sperm ой is one of the best lubricating oils in use; it does 
iot become rancid; does not dry up; has good body, and is 
luid, with little internal friction. It is employed for rapid- 
unning parts, where a high-grade oil is desirable, without 
nuch regard to price. 

_ Whale oil is used frequently for external, or engine, lubrica- 
ion, where a good lubricating oil at a moderate price is 
lesired. 

| Fish oil is also employed by some engineers with good ad- 
vantage for external lubrication. 

"Тага oil is used more generally for mixing with other oils 
han alone. 

Neat's foot oil,on account of high price, is used in small 
juantities only for improvement of oils of poorer quality. 
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500. What are the characteristics of vegetable oils 2 


The vegetable lubricating oils are gradually decomposed b 
the oxidizing influence of the atmosphere and dry up; the 
are also inclined to gum. 

The process of manufacturing consists in pressing them 
from the raw material, and cleaning out the cloudy, suspended 
fibres by treatment with acids. The color of the refined oils 
is from water white to light yellow. Under heat they evapo. 


ao 


Ета. 141.—Sectional Views of Several Types of Internal, or Cylinder, Lubricators and Im 
permeators. At A is shown the main steam pipe to which the oil cup is attached; ай 
B, a type of oiler in which the oil is forced out by a constantly rising water level. 


rate easily, and are, therefore, employed only for external 
or engine, lubrication. | 

Rape oil should be used, after being well separated from 
the suspended matter. It becomes rancid easily, gums slightly. 
and should, therefore, be kept from heat and dust. It has gooc 
lubricating qualities, although used less often than the anima 
oils. | 

Olive oil possesses still better lubricating qualities than rape 
oil. It neither dries up nor gums, but generally contains acid 
Its high cost involves that it is frequently adulterated with 
cheaper oils. 

Cottonseed oil dries up less easily than others, and is con 


! 
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sequently used sometimes аз an admixture to olive oil. Certain 
grades frequently show an acid reaction, and are undesirable 
for lubricating purposes. 


Linseed oil dries up easily, and is hence undesirable for 
lubrication; it is often found as an adulterant in other oils on 


` account of its cheapness. 


Fic. 142.—A Type of Force-pump Lubricator. At А is shown the main steam pipe; at В, 
the check valve at the end of oil pipe with stop cock; C is the oil space in the pump, 
in which slides a plunger on a screw spindle; D is a worm-wheel screw and ratchet, 
plan of which is shown in diagram at the left; Е is the oil-filling cup. (Section 505.) 


501. Are the lubricating oils used always alone 2 


No; mixtures of different oils are very frequently employed 
with advantage. 

For cylinder lubrication mineral oil, as the main part, is 
often mixed with sperm, whale or lard oil, this being consid- 
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This arrangement enables the oiling of the oscil- 


parts of the engine, by means of swing- 


single oil cup, as shown. 


The use of such a device enables the р 


out stopping the engine or endangering che attendants. 


.— Telescopic Crank-pin Oiler. 
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red by manufacturers and engineers as to the best compro- 
mise between price, body and fluidity or rate of consumption. 
Sometimes such mixtures are frankly marked as mixtures, 
vhile often they are sold with fraudulent intent. Engineers, 
therefore, should exercise caution in the purchase of lubricat- 
ing oils. 


"а What tests are employed to determine the quality of 
lubricating oils P 

The tests may be chemical or mechanical. The chemical 
tests are made in the laboratories, as are also certain mechani- 
cal tests, requiring special instruments, such as the flashing, 
burning and cold tests. Simpler tests may be made for specific 
gravity by the hydrometer. 

The clearness of the oil may be determined by taking a 
sample from a barrel that has been well rolled and shaken. 
The glass used should be clear and very transparent, and the 
oil, if very cold, should be slightly warmed in it. Afterthis the 
oil should show perfectly clear and without suspended matter. 

A test for acidity may be made by mixing a small quantity 
of oil with warm water or alcohol, and testing with blue litmus 
paper, which will become red if any free acid is present. 

To determine whether the oil is rancid a few drops may be 
rubbed between the hands, when the smell will indicate this 
quality, if present. 

To determine the purity of the oil a small quantity may 
be shaken in a bottle with a quick jerking motion to produce 
air bubbles. If the oil is pure, the bubbles will soon burst 
and disappear, but if it is mixed with other oils the bubbles 
will rise to the surface and collect, until at last they form a 
regular rosary around the side of the bottle. 

If several oils are submitted for comparison, a general in- 
dication of quality may be gained by dropping a sample of 
each oil upon an inclined sheet-iron plate. The oil which 
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takes the longest тип and remains liquid the longest 15 prob- 
ably the most desirable. 

The purity of tallow may be judged by boiling with six 
parts of water. If cooled again, a sediment will reveal im- 
purities. 


Fic. 144.—Exterior View and Section of a Common Form of Sight Feed Oil Cup, with reg- 
ulating valve and connection for ой-Ғогсе pump. A is a union for connecting oil sup- 
ply pipe; B, slide filter; C,cam lever; D, caps, one retaining spring on stem of пева 
valve; the other retaining packing on valve stem of Е; E, clip springs bearing on 
screw сар; Е, valve for shutting off oil supply; б, section of glass tubing, to enable 
the oil drop to be seen and counted. і 


503. How are the lubricants applied to the bearing sur- 
face ? 


The lubricants must be applied in a continuous stream 
to the bearing surface to secure uniformity of lubrication. 
This supply must be capable of regulation, in order to feed 
just enough lubricating material without waste. 

To economize in the labor of attendance by the engineers 
oil cups are supplied that are filled with a large quantity of 
oil, and from them the bearing is supplied automatically with: 
any number of drops per minute that may be found necessary 
for efficient lubrication. | 


— — 
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504. How is the automatic supply provided by the oil cup ? 


The automatic supply from the cup to the bearing is effected 
by 

(1.) Difference of gravity between oil and water. 

(2.) Pressure through screwing down of a piston or cap. 

(3.) Pressure of springs. 

(4.) Throttling of an orifice by a valve or stopper. 

(5.) Suction through wicks. 


505. What methods and devices are employed for internal, 
or cylinder, lubrication ? 


The internal, or cylinder, lubrication is effected by displac- 
ing the oil, drop by drop, through condensed water, or by 
forcing it into the steam pipe, or valve chest, by a force pump, 
actuated by a screw and ratchet wheel from the main engine. 

The first apparatus takes steam from the steam pipe and 
condenses it ша coil of copper piping or a bulb-shaped vessel. 

The water enters at the bottom of the oil cup and forces the 
oil out at the top into the steam pipe. Gauges are provided 
that show the amount of water and oil in the cup, and also the 
drops of oil that pass into the steam. 

Valves are arranged for regulating the flow, for connecting 
and disconnecting to the steam pipe and for draining and fill- 


ing of the ой cups. The advantage of this apparatus is that it 


has no movable parts, while objections are raised that it may 
clog up and stop feeding; also, that the coil type may retain 
water, upon laying-up, and, in winter time, burst the coil, or 
the apparatus, by freezing. The apparatus continues feeding 
even when the engine stops, and may thus waste considerable 
oil if not regulated. 

The force-pump type of cylinder lubricator is constructed like 
a single-acting force-pump, with a plunger screwed down by a 
spindle. On the top of the apparatus a ratchet lever receives 
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motion from some moving parts of the main engine, such as 
the air pump beam or a valve stem, then transmitting its 
reciprocations to a continuously-revolving ratchet wheel, which, 
in turn, acts through a screw upon a worm wheel on the main 
spindle. 

The motion is thus transmitted to the plunger with a large 
reduction in speed, forcing the oil very slowly, but powerfully, 
into the steam pipe, or valve chest. 

The certainty of action and stopping of the feed, when the 
engine stops, are among the advantages of this apparatus, while 


| 
Ета. 145.—Multiple Oiler, used most largely to lubricate the moving parts of engines. Тһе 
large cylinder is a reservoir containing oil, which is conveyed by pipes connected 
to the sight feed unions at the bottom, the rate of feeding being controlled by the 
clip, or cam, levers at the top. The oil supply is poured in through the vent closed by 
the hand-wheel. j 


the moving parts, gears and stuffing-box are disadvantages 
that increase the labor of the engineers. 


506. What methods and devices are employed for exter- 
nal, or engine, lubrication ? 

For external, or engine, lubrication pressure by springs is 
employed for grease cups, while other cups for semi-liquid 
lubricants have screw-down caps that occasionally receive an 
additional turn by the attendant, thus keeping up the pressure 
and continuity of supply to the bearing. 


—" ea 


LUBRICANTS AND LUBRICATION. 817 


Tallow cups sometimes have а large hole in the bottom, so 
that the tallow rests directly upon the journal and is gradually 
carried off by it. 

Regulation of the oil supply to the bearing, by throttling 
the opening, is used in marine engines, most frequently in the 
form of large vessels, with a number of outlets to different 

bearing surfaces. The cups have an orifice in the bottom 


Ета. 146.—Parts and Details of Oil Cups and Wipers. A is an oil regulating valve with 
sight feed; B, angle oil regulating valve with sight feed; C, wiper cup; D, angle wiper 
cup; E, wiper; F, angle wiper; G, wiper; H, drip cup. 


that is partially closed bya stem, or valve, adjustable in the 
upper cover or side of the cup. 

To be sure of the action of this cup, it is nearly always pro- 
vided with lights, consisting of glass tubes, for allowing the 
number of drops of oil per minute to be seen and counted. 

On stopping the engine, the stems or valves are closed down 
upon the openings. 
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The most frequently-used lubricator is the suction wick | 


type. The cup of this lubricator is provided with one or 
more small tubes, tapped or driven oil-tight into the bottom 
of the cup, and reaching up to near the top. 

To lift the oil automatically over the edge of this tube, a 
suction wick, acting like a siphon, is placed in the tube, at one 
end, while the other end dips into the oil in the cup. The 
end in the tube should reach well down below the level of the 
oil, in order to secure good suction and rising of the oil in the 
wick. Around the wick is wound a wire that holds the wick 
in place by its stiffness. 

The wick cups are employed individually on each bearing, 
or are arranged in a group of several together, in one large 
cup with outlets and pipes to the different bearings. Upon 
stopping of the engine the wicks are removed from the tubes 
to prevent waste of the lubricant. 


507. What systems of distribution are employed in the 


external, or engine, lubrication ? 


Mainly two systems of lubrication are employed : 

(1.) Supply at each individual bearing. 

(2.) Supply at central cups, which serve several bearings by 
tubing. { 


508. What are the characteristics of the individual сир 
system P 

The individual bearing supply system has great certainty of 
action, as the attendants, if faithful, will immediately detect 
any trouble in the lubrication, such as heating of the bearing, 
etc. The short and direct passage from the cup to the bear- 
ing will tend to avoid clogging-up, or, in any case, allow a 
quick and easy removal of the obstruction. 

This system, however, requires considerably more labor and 
attention by the engineers ; is frequently insufficient for bear- 
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ings ; is hard of access,and exposes the oilers more to the 
danger of being caught in the moving machinery parts. For 
e parts, like crank pins and eccentric sheaves, it is even 
impracticable as being too difficult of access. As ће height 

f the oil level above the bearing is small, only a little press- 
ire can be exerted upon the rate of flow. 


509. What are the characteristics of the central cup 
supply system ? 

The central cup system places large cups in position con- 
venient of access for filling by the engineers, and leads the 
oil to the bearing by small tubing, which may be conveniently 
arranged. By a careful arrangement of relatively wide tubing, 
direct leads and easy, long bends, a very good lubrication may 
be secured, even for bearings relatively inaccessible. The 
labor of filling is also greatly reduced and safety for the men 
correspondingly increased. 

The pipes, if of some length, offer certain dangers of ob- 
struction by foreign matter, and of suspending lubrication to 
parts which, perhaps, may not be detected before heating of 
the bearing has commenced and damage is done. 

The central cup also needs sights to each feeding pipe, 
showing the attendant, distinctly and clearly, that each feeding 
pipe receives and delivers its proportionate amount of oil. 


510. What system of lubrication is most often em- 
ployed ? 


Modern marine practice employs a combination of the two 
systems, generally providing one or two central cups for each 
cylinder, feeding mainly to the moving parts and the cross- 
head, while the main crankshaft bearings and the reversing 
gear are frequently lubricated from individual cups. 

Stuffing-boxes are sometimes supplied by individual cups, 
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placed high to obtain sufficient head and pressure upon the 
feed through the pipes. 

A special form of individual cup is the centrifugal crank pin 
oiler, which forces oil to the bearing in the lower position of 
the crank. 


511. How are oil cups constructed? | 


Oil cups may be parts of the bearings, as frequently found 
on the main bearings, or they may be independent, constructed 
generally of cast brass, sheet brass or copper, brazed or sol- 
dered. 

For large central cups, lengths of tubing of large diameter 
are employed, sometimes with glass ends, to allow the quantity 
of contained oil to be seen. 

АП cups should have a tight-fitting cover, to prevent dust and 
impurities from entering the oil and getting into the bearing. 


512. How is the piping from the central cups arranged ? 


The piping from the central cups is generally of copper or 
brass tubing, varying from one-eighth inch to as much as one- 
half inch diameter. The connection to the sight feed supplies, 
or to the box itself, is made by brazing or unions. 

The tubes are generally bent with long, easy sweeps to pre- 
vent all possibility of clogging, or jamming, and they gener- 
ally allow the oil to drip directly upon the bearing surface or 
otherwise into a cup, as used on the moving parts. 

The receiving cups are securely fastened to the moving 
parts in such positions that they will catch the dripping oil. 
They are often fitted with wipers that touch the end of the 
feed pipe and scrape off the drops of oil. 

For the crank pin and the eccentrics tubes again lead from 
the receiving cups to the bearing brass. 

A special form of tubing to the movable parts is the tele- 
scopic oiler. It consists of two concentrically sliding tubes, 
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one of which is connected to а stationary, oscillating oil cup, 


which receives the oil in drops from above, while the other 


tube is connected to the upper connecting rod end with a form 
of plug-cock joint. A stuffing-box keeps the sliding connection 
between the two pipes tight, and prevents loss of oil. 


513. How is the lubrication affected by the position of 
the oil entrance 2 


The lubrication may vary considerably in its efficiency, ac- 
cording to the distribution of the oil in the bearing, as influ- 
enced by the position of the oil entrance. If the oil runs 
through the bearing, without touching all surfaces equally, it 
cannot separate the bodies and substitute fluid friction for the 


- solid friction. 


. For the purpose of distributing the oil all over the bearing 
surface, grooves, generally curved, are cut into the brass, 
starting from the oil hole. Engineers often exercise their 
own judgment in the style of oil grooves that they find effi- 
cient. 

The strips and blocks of anti-friction metal, frequently fitted 
in the bearing brasses, offer excellent occasion for good distri- 


" bution of the lubricant, but may lead also to great waste by 


letting the oil run out too quickly. 


514. What provision is made in marine engines for re- 
taining and saving the lubricant ? 


Oil-drips under and around the different bearings, of sheet 
brass or copper, catch the oil and can be emptied through drain 
pipes and cocks. The oil-drips of the slipper guides serve also 
for additional lubrication, while a wiper on the bottom of the 
slipper dips into the oil and drags it over the guide-bearing 
surface. | 

If the ой is considered suitable for being used again, it is 
filtered and cleaned from impurities. The same oil should not, 
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however, be used, many times, as small abraded particles of 
the metal will at last introduce undesirable qualities. 

The economy exercised by engineers varies considerably. 
In engines of 500 to 2,000 indicated horse-power, engineers use 
from one to eight gallons of oil per day for engine lubrica- 
tion, while from one-half to four gallons of oil per day are used 
for cylinder lubrication. A great deal depends upon the num- 
ber of the auxiliaries, the quality of the oil and the watchful- 
ness of the attendants. 


CHAPTER TWENTY-TWO. 
PACKING AND PACKING MATERIALS, 


515. What is the purpose of packing ? 

Packing connects together the individual pieces of boilers 
and engines, ensuring the tightness necessary for the efficient 
performance of the machine as a whole. 

For ease and readiness of manufacture a machine is built up 
of many pieces, which are jointed together by rivets, bolts, and 
screws. Thus the boiler sheets are jointed together into one 
steam-tight vessel, or the cylinders and their valve-chests may 
be held together steam-tight by bolts or screws. To secure 
this steam-tightness, more or less packing is required, in order 
so completely to fill up the interstices between any two parts 
that the contents of the vessel cannot escape through it. 


516. How are the faces of the connected parts prepared 
for packing ? 
The faces of the connected parts, if prepared at all, receive 
rough hand dressing, ог a more or less perfect machine tool 
dressing. 


517. In what places is it customary to make only rough 
preparation of the faces for packing ? 

In the boilers, particularly, there are numerous cases where 
repair patches, manholes, valve flanges, etc., are jointed to the 
boiler shell with little or no preparation of the faces. А thick 
paste of red lead or iron rust cement, which hardens readily, fills 
up the interstices for complete tightness. 

The seams of the boiler sheets may be considered packed 


by the caulking, which employs the malleability of the mate- 
323 


324 QUESTIONS FOR MARINE ENGINEERS. 


rial of the sheets, to prevent interstices by complete contact, 
at least along the caulking edge. 

Where several pieces or sheets are jointed together at cor- 
ners in more or less inaccessible places, packing in form of 
stop washers is sometimes resorted to, in order to secure better 
tightness than mere caulking could produce. 


518. In what places is it customary to prepare the con- 
necting faces for packing by the use of machine 
tools 2 

The preparation of packing faces on boilers for manhole 
covers is frequently made by machining; the flanged edges of 
manhole openings or their stiffening rings being also thus 
prepared. 

On the engine and the auxiliaries all joints are machined, 
for since they muSt be remade very frequently the higher the 
perfection of finish of the face, the less packing is needed, and 
the easier it is to keep the joint tight. 

In some cases the finish of the joint is carried to such per- 
fection, in the last stages even by hand scraping, that virtually 
no packing at all is required, and a complete metallic joint is 
made. 

Slide valves and pistons and piston rings slide on their faces 
with such scraped joints, requiring no packing except a thin 
film of oil or condensed water between them to establish a 
practically complete tightness. 

For very high steam pressure some engineers require that 
the pipe flanges be scraped and finished so nicely that nothing 
but a thin wash of red lead is needed between them. 


519. What special preparations are made in the faces of 
the joints to prevent blowing out of the packing 
material ? 

The packing material is held between the faces of the joints 
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by the friction produced by the clamping pressure of the two 
parts, one against the other. 

With high pressure this friction may not be sufficient to 
resist the internal pressure exercised against the thin edge of 
the packing. Retaining rims, inside or outside, around the 
opening, or male and female projections on the face of the 
flange, are, therefore, provided with high pressure, to relieve 
` and remove the packing from the influence of the inside 
pressure. 


520. How does the retained fluid affect the packing > 

The packing is materially affected by the retained fluid, 
according to its temperature, density and chemical reaction. 

The packings may be classified from this point of view into 
packings for 

(1.) Steam. 

(2.) Water. 

(3.) Air, ammonia and oil. 


521. What characteristics have the steam packings 2 

Steam packings, particularly for higher pressures and tem- 
peratures, should be as nearly incombustible as possible; they 
should not be decomposed or easily burned on to the faces of 
the joint. 

On this account metallic packings are chiefly used for this 
purpose, and next in desirability are the fibrous packings, 
made from mineral substances like asbestos. 

For low pressure or exhaust steam, other fibrous, or rubber, 
packings are cautiously used with advantage by engineers. 

Around condensers and air pumps the packings should pos- 
sess durability against the effects of mineral oil in steam or 
water. 


522. What are the characteristics of the water packings ? 
Water packings may be metallic as well as fibrous. They 
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should, however, be of such material as to have no galvanic 
reaction upon the material of the pipes or machines, as some- 
times experienced with copper rings. 

They should not be decomposed or rotted by soaking, but 
should retain their elasticity, or softness, even under frequent 
making or breaking of the joint. 


523. What are the characteristics of air, ammonia and oil 
packings 2 

The requirements for these purposes are limited, and the 
regular steam and water packings generally can be applied to 
these needs. The air pipes of forced ash-pit, or induced draft, 
systems require some packing of fibrous, or rubber, material 
for cold-air piping, and, of asbestos or metallic material, for 
hot-air piping or ducts. 

Ammonia piping may have metallic, rubber or fibrous pack- 
ing, according to the judgment of the engineer. 

The main requirement in packing for oil piping is that it 
should not be dissolved, or decomposed, by oil, as are some of 
the soft rubber materials used for packing. 


524. What other classification of packings may be made ? 

Packings may also be classified as those for 

(1.) Stationary parts. 

(2.) Moving parts. 
525. What are the characteristics of the packings for 

stationary parts 2 

The packings for stationary parts are generally applied in 
form of sheets, thin and well spread out between flat faces 
or flanges of valves, cylinders, valve chests, etc. Occasionally 
engineers prefer to use a round metal, or fibrous, ring in a re- 
cess, instead of a flat sheet, as it is more easily made and Кере 
tight, while bearing only on a narrow line, or ridge, all around 
the opening. 
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The choice of the packing is greatly influenced by the con- 
sideration of whether the joint is to be broken often, or will 
remain comparatively undisturbed for a longer period. 

In the latter case materials may be employed that cannot 
be used over again, such as red lead or iron-rust cement, with 
or without fibrous gaskets, while, in the first case, quickness of 
making and preservation of the packing for continued use will 
be of importance. 


526. What are the characteristics of the packings for 
movable parts ? 


The packings for movable parts are generally arranged in 
coils of several thicknesses to gain depth in the direction of 
the motion, or in the longitudinal axis, like the coils in the 
stuffing-boxes of piston rods, valve stems, condenser tubes, or 
in the packing of air pump pistons. 

Packings for movable parts should be employed in good 
depth, with relatively slight pressure upon them, to retain elas- 
ticity and secure good durability and long life with little 
attendance and adjustment. 

The renewing of stuffing-box or piston packing is generally 
a troublesome experience, attended with great expenditure of 
time and labor, like that of the condenser tubes, where the 
water chests must be removed, in order to get at the stuffing- 
boxes, or that of the air pump piston, where the top covers, 
valves and moving parts must be removed for access to the 
interior. 

Oils, red leads and other substances that harden or 
bake should not be applied to packing for movable parts; 
also the packings themselves should be of substances that 
do not burn. Softness, pliability and elasticity should be 
their chief properties, and these should be retained as long as 
possible. 
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527. How is the packing applied P 

The methods of applying the packing vary greatly, accord- 
ing to material, position, finish of faces of joint, nature and 
duty of part in need of packing. It is expedient to apply the 
hand-made packings in a heavier layer than the more uniform 
commercial packings. On rough surfaces more packing mate- 
rial is needed than on smooth or finished surfaces. Stationary 
parts, with a higher clamping pressure, need much less packing 
than movable parts, where the packing is compressed com- 
paratively lightly. 


528. How is the pressure exerted upon the packing 2 


The pressure upon the packing is generally exerted by bolts 
or nuts or tap screws, 

For stationary parts the packing is clamped between stiff 
flanges which, with the numerous bolts, exert a very heavy 
pressure upon the packing. The bolts should be spaced closer 
together with light flanges than with heavy flanges, as other- 
wise a slight bulging of the flange between the bolts may take 
place, leading to leakage and final tearing and blowing-out of 
the packing material. 

For moving parts the packing is forced into a special recess 
of the stuffing-box or piston by a gland or follower ring. As 
the danger of blowing-out is practically removed in these 
places, the area under pressure being generally much smaller 
than with stationary parts, and, as the desired elasticity of the 
packing makes a low clamping pressure advisable, fewer bolts 
are required. 


529. What kind of packing is used for stationary parts 2 


The packings used for stationary parts may be divided into 
two classes: those that cannot be used again, such as iron- 
rust cement, red lead, with or without chopped hemp, and 
graphite ; and those that can be more or less frequently used 
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again, such as the metallic gaskets, asbestos, pure rubber, 
mixed rubber and canvas, canvas or paper soaked in linseed 
oil, or applied in connection with red lead or graphite. 


530. What kind of packing is used for moving parts 2 


The packing used for moving parts is generally employed in 
round or square rings or strands of soft metal, of asbestos, of 
rubber, of combinations, or of hemp made up into braids. 

The packings, particularly the soft ones, are sometimes 
soaked with tallow, or graphite powder is rubbed into them to 
increase their durability and resistance to wear. 


531. How аге iron-rust cement, red lead and graphite em- 
ployed as packing 2 - 


Iron-rust cement is applied to cracks, patches and repairs of 
permanent character in general, where the interstices must be 
filled by a body that becomes firmly solid and iron-like in 
nature. It is made up from fine iron filings into a cement ог 
paste by treatment with acid. This turns the metallic iron 
into iron rust, baking the particles together. 

Red lead is made up from the powder by mixing thor- 
oughly with linseed oil, until it is of the consistency of paste. 

It is used for the largest number of joints not too frequently 
broken, where the hardening of the red lead by the drying of 
the oil is of advantage for permanent tightness in the joints. 

A thin wash of red lead, or only linseed oil, in connection : 
with canvas or paper,is used with advantage for a large num- 
ber of machinery joints, like cylinder covers, valve chest 
covers, etc., which require comparatively frequent lifting. 

Graphite is applied, in conjunction with metallic, asbestos, 
rubber and fibrous packings, as powder or made up with a lit- 
tle oil or tallow to a paste. It is excellent for all joints that 
are frequently broken ; prevents burning of the packing to the 
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faces, and effects а saving of material by keeping the gaskets 
in good condition for renewed employment. 


532. How is metallic packing employed ? 


Metallic packing is generally made from the soft metals, 
which, under pressure, yield and shape themselves to the 
bearing surface. It is almost universally employed, and proves 
excellent for high steam pressure, where fibrous packing 
would burn and last but а very short time. The elasticity 
of metallic packing is, however, considerably less than that of 
the fibrous packing, and this is a certain disadvantage, par- 
ticularly in stuffing-boxes. To overcome this lack of elas- 
ticity, certain constructions of metallic stuffing-boxes employ 
springs, which tend to prevent gripping of the packing on the 
rods. The greater complication of this arrangement is ob- 
jected to by many engineers, and the simple, more rigid ar- 
rangement preferred. 

Copper, lead, Babbitt metal and similar compositions of soft 
nature are employed with advantage in form of rings, sheets, 
stuffing-box coils, etc. Copper is employed in rings of round, 
or triangular, sections, or in corrugated discs for packing on 
flanged boiler valves, manholes, pipe flanges or engine flanges. 
It is very durable and. lasting, but, with iron flanges or faces, 
it sets up galvanic action in some liquids, thus quickly destroy- 
ing the smoothness of the faces. 

The lead or Babbitt metallic packings are used in sheets for 
` flanges, or in split rings for stuffing-boxes. Their melting 
point should be considered for high pressure steam. Babbitt 
metal may be mixed so as to resist very effectively any tem- 
peratures in use. 


533. Hows asbestos packing employed 2 


Asbestos packing is made in shape of sheets, round or square 
strands, wicks, etc., from the fibrous raw mineral material. ЈЕ 


ACKING AND PACKING MATERIALS. 381 


ble quality of being incombustible and imperish- 
hus eminently adapted to all high pressure pipe 
ry joints around boilers and engines. It ranks 
packings in this particular. One great advan- 
tness, fibrous nature and comparative elasticity, 
| the other hand, not nearly as durable as metal- 
nd, therefore, more expensive. Some engineers 
tos packing, together with metallic packing, in 
, thus combining the softness and elasticity of 
vith durability of the metallic packing. 


rubber packing employed ? 


cking is the most frequently employed material. 
ticity, comparative strength and toughness, tight- 
derate price make it an excellent packing for 
vice, joints around pumps, pipes, manifolds and 
ıerous engineers prefer some one of the particular 
is packing for low pressure and exhaust steam 


king is made in all sizes of sheets, gaskets, round 
strands, washers, etc., generally with a body of 
e ог more layers, that increase the strength and 
ainst blowing-out. 

ubbed on the faces of rubber packings, effectively 
ning-on, thus allowing the gaskets to be used over. 


'e canvas, paper or hemp packings employed ? 


id paper packings are employed generally only 
where lack of the higher grade obliges the engi- 
a substitute. They are used soaked in oil and 
graphite, grease or red lead in order to give more 


htness. 


882 QUESTIONS FOR MARINE ENGINEERS. 


Hemp packing was formerly made by the engineers from 
the raw material into braids of varying thickness, shapes and 
length. The modern commercial packings, however, made up 
and ready for use, save so much time and labor, and prove i 
the end so much cheaper, that the practice has practically died 
out, being employed only in emergencies and special cases. | 


1 
1 
1 


EHAPPER TWENTY-THREE. 


CARE AND OVERHAULING IN PORT. 


536. What precautions are taken with the boilerin empty- 
ing its water 2 

The boiler containing water is allowed to cool very gradu- 

ally, keeping dampers and fire doors well closed, to prevent 

any cold air from touching the inside parts, and from starting 

leakage in the seams by unequal contraction. 

With the fires all drawn and the steam pressure gone, the 
well-cooled water is pumped out slowly or, after starting the 
lower man and hand holes, is allowed to run gradually into the 
bilge of the ship. 


537. How is it customary to fill the vacuum, caused by 
pumping the water from the boiler 2 
Air is admitted to the boiler automatically, through aspecial 
valve, or by loosening one of the upper manholes, or by 
slightly lifting one of the safety valves with the hand-lifting 
arrangement. 


538. What work is done on the boiler afte: the water is 
emptied from it P 
The work done on the boiler consists largely in: 
(1.) Cleaning, outside and inside. 
(2.) Inspecting and repairing. 


539. То what parts does the outside cleaning of the boiler 
extend ? 
The outside cleaning extends to the outside shell, the fur- 


naces, combustion chamber, the tubes, uptake, smoke-pipes and 
333 
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funnel for fire-tube boilers; while, for water-tube boilers it ex 
tends to the casings, the furnace, the spaces around drums апе 
tubes, the tubes, uptake and funnel. | 


540. What points receive special attention in the outside 
cleaning ? 1 
The corroding influence of the atmosphere is most strongly 
feit on the shell and water legs of fire-tube boilers; the casings 
and lower drums being most exposed in water-tube boilers. 
Particularly where the bilge water has touched these parts, or 
can touch them, they should be examined and cleaned from 
rust, ashes, dirt or grease, to make sure that no weakening has 
taken place. The lagging may have been burned or вройе 
by water in certain places, which should be cleaned and 
newly lagged. | 
The furnace corrugations and recesses around the bridge ог 
the spaces between the lower-tube end of water-tube boilers re 
ceive attention by freeing them from ashes, clinkers or tarry 
deposits, and by ascertaining beyond doubt that they are i 
a thoroughly efficient state of preservation. | 
The inside of fire tubes and the outside of water tubes are 
cleaned with wire brushes or scrapers, during which process 
any defective part will give occasion for discovery and re: 
placing. 


541. To what parts does the inside cleaning extend ? 


The inside cleaning extends to the surface of the shell, fur: 
naces,water legs, combustion chambers,tubes and flues, and muc 
drums for fire-tube boilers ; while, for water-tube boilers, it ex: 
tends generally to drums and tubes. | | 


542. What material is removed by inside cleaning о: 
boilers 2 


The material removed by the inside cleaning is mostly scale 
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thrown down on the heating surface from the water while it is 
_under the influence of heat. 


543. Of what nature is this scale ? 
E Scale in boilers may be of hard, rock-like nature; or of soft, 


| . . D 
greasy, or powdery nature, according to its chemical and me- 
chanical composition or formation. 


544. How does the scale get into the boiler water ? 


Тһе scale, or the ingredients that form the scale, get into the 
boiler by the feed water. 


545. How does the feed water receive the scale ingredi- 
ents? А 
The feed water for jet-condensing plants is obtained from а 
different source from that of surface-condensing plants, there- 
fore the scale formation is of a different nature for these two 
classes. 


546. From what does scale formation originate in jet-con- 
densing plants 2 
Scale formation in boilers of jet-condensing plants results 
from salts, which were contained in the hard feed water, as ob- 
tained from the hot well, when drawn in by the vacuum of 
the condenser. 


547. What salts are most frequently found in the scale of 
the boiler? 
Тће salts found in the scale of boilers and deposited from 
the hard, fresh feed water are generally various combinations 
of lime or magnesia. 


. 548. From what does scale formation originate in surface- 
condensing plants ? 

Scale formation in boilers or surface-condensing plants re- 

sults mainly from the sea-water that enters the boiler, as feed 

make-up, or through leakage of the condenser. Some of 
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the salts from the sea-water are, at boiling, thrown down upon 
the heating surfaces, where they adhere very firmly. 

Another source of scale formation may be the oil used for 
cylinder lubrication, which is carried by the feed water into the 
boiler. It may form a kind of scum on the surface of the water, 
or combine with scale particles or impurities, and settle on the 
heating surface. 4 


549. What effect has the scale upon the heat transmission | 
of the heating surface 2 $ 
Scale, not being a good heat-conducting substance, decreases 
the transmission of heat to the water considerably, even in^ 


thin layers, while with thick deposits of scale the heat transmis-^ 
sion may stop altogether, leading to a dangerous over- heating 
of the heating surface, which may result in a complete со” 
lapse. With a large collection of scale the space between 
tubes or other parts of the boiler may be obstructed and the 
free circulation of the water and its cooling action seriously in- 
terfered with, leading to over-heating and damaging of “ч 
heating surface. 

The deposit of combined oil and scale is more retarding on: 


the heat transmission than the hard scale alone. 


550. Does the scale react upon the metal of the heating 
surface P | 

The scale does not react ‘directly upon the metal of the: 
heating surface. A very thin coat of scale may be even advan- 
tageous for the preservation of the boiler metal by protecting: 
it against corroding influences. | 


551. How is the inside of the boiler cleaned from scale 2 
The scale, being generally hard, is removed by scaling tools, 
or chisels, while the softer deposits are scraped off, or washed 
down, with the stream of a hose. 
On removing the scale, care should be exercised not to injure 
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the boiler material, while at the same time all recesses, furnace 
corrugations, tube tops, and other less easily accessible places, 
should be thoroughly cleaned. 


552. What facilitates access to all the surfaces needing to 
be scaled ? 

The access to the surfaces of the boiler are greatly facil- 
itated by a careful arrangement of the manholes and stays, as 
‘well as by leaving good space around tubes and combustion 
chamber. With good access the rapidity of the cleaning and 
scaling is greatly increased. 


553. How is the scaling done in water-tube boilers ? 


The process of scaling in the drums of water-tube boilers is 
the same as in fire-tube boilers, but, for the tubes, special 
scrapers of watch spring steel or wire brushes are employed. 
These scrapers, or brushes, are drawn or pushed through the 
tubes with more or less ease and rapidity, according to the 
form of the tubes, as straight or curved. In double-tube boilers, 
the inner tubes must be removed for access to the larger 
ones. 


554. Why is the boiler inspected after being cleaned ? 

After cleaning the boiler a careful inspection is made for de- 
fects, needing to be remedied, before it is placed again in 
‘service. 


555. What defects are usually found in boilers after a period 
of service 2 

The defects usually found to develop during the period of 
service are: 

(1.) Corrosion of the parts outside and inside. 

(2.) Leaky or split tubes or stay bolts. 

(3.) Leaky seams and rivets. 

(4.) Leaky manhole covers, valve and pipe connections. 
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556. How does corrosion affect the parts of the boiler ? 
Corrosion may show itself upon the shell, the tubes, the 
combustion chamber, the furnaces, the drums or heads, stays 
or braces. It may extend over the whole surface, or may show | 
only locally in the form of pitting. 


557. What produces corrosion in boilers ? 

Corrosion on the outside is largely rusting under the influ- 
ence of air and moisture. 

The outside of the boilers may also be attacked quite severely 
by the bilge water, if they are not raised sufficiently from the 
bottom of the ship, while water that finds its way under the 


Fic. 147.—Section of a Boiler Plate at a Riveted Joint, showing the effects of “ pitting,” 
or local corrosion of the metal. The normal surface of the plate is indicated by the 
dotted line across the opening of the corroded gap. 

lagging, or covering, may, likewise, attack the sheets of the 

boiler or the casing. 

The inside of the boiler is liable to be corroded by the in- 
fluence of 

(1.) Ап. 

(2.) Acids. 

(3.) Galvanic action. 

558. How does air corrode the boiler ? 

Air may be carried over by the feed water into the boiler, 
and, in connection with carbonic acid, may produce a severe 
corrosion, or rusting. 


559. How do acids corrode the boiler ? 
Acids ‘may be introduced by the feed water, or they may 
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form in the boiler from some of the salts held in the water. 
- Acids will solve the metal directly, and, in large amounts, 
may inflict serious damage and wholesale destruction. 


560. How does galvanic action corrode the boiler ? 


Galvanic action may set in between some of the bronze, 
brass or copper valve casings, or pipes, and the steel material 
of the boiler. If the water contains a slight amount of acid, 
the action may show itself very strongly, and frequently con- 
centrate upon localities in so-called “pitting,” changing the 
material in this pit to a soft, pasty combination of the steel with 
other chemical elements. 


561. How are the tubes and stay bolts inspected ? 


Tubes and stay bolts give generally indication of defective 
condition while in service, and so the engineer will often know 
which tubes leak or are split and which stay bolts are broken, 
or leak around threads. Often a deposit and burning-on of 
the impurities of the water which has leaked out will show a 
defective tube, or stay, that can then be removed or marked for 

tightening. 


| 562. How аге the seams and rivets inspected ? 


The seams and rivets generally give indications while in ser- 
vice of leaks or looseness, except under the lagging, or cover- 
ing, where they may evade detection for a while. Where doubt 

` exists as to their tightness, the whole boiler should be exposed 
and carefully examined, for efficient caulking of seams and 

 rivet-heads, replacing loose rivets by new ones or by screw 
bolts. 


. 563. What attention is given to the manhole covers, and 
to the valve and pipe flange connections ? 


Тће manhole covers are refitted to their seats, if bent or 
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marked ; the dogs are replaced, if necessary, and loose nuts or 
worn bolts are replaced by new ones. 

The valve and pipe flanges are furnished with well-fitting 
washers or new bolts, as required. 


564. How is the boiler again prepared for service ? 

The parts of the boiler that have been attacked by corrosion | 
are given a wash with thin Portland cement; the holes p.o- 
duced by pitting being completely filled with cement. 

To counteract the galvanic action upon the steel material of 
the boiler, zinc plates, or slabs, are fitted so as to be attacked 
and consumed by the galvanic action and thus save the steel 
parts. 


565. How are the zinc slabs fitted ? 

The zinc slabs are frequently provided, in dimensions of 
about one-half square foot, one inch thick for every 25 to 30 
indicated horse-power, and are well distributed throughout the 
boiler. They are often suspended from the stays, and care 
must be taken that the zinc, the supporting strap and the stay 
touch one another with a good, bright metallic contact to insure 
the permanency of the galvanic action. 


566. What care must be taken in cleaning the boiler ? 

Care must be taken to remove from within the boiler all 
cleaning materials, pieces of wood, tools, etc., that have been 
used in the work of cleaning and inspection. 

A special survey must be made to see that all the openings 
from the pipes and valves are clear and free from obstructions. 
All internal pipes, like dry pipes and internal feed pipes, should 
be well connected and thoroughly supported. 


567. How аге the manhole and handhole covers prepared 
and fitted 2 


The manhole and handhole covers get a thick coat of red lead 
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under and on the well-fitting packing ring of metal, asbestos, 
hemp or other packing material. In placing them in the open- 
ing, and drawing the bolts up through the dogs, care should be 
taken to keep the cover nicely central, and to tighten the bolts 
evenly, in order to obtain a uniform clamping pressure all 
around the opening on the packing material. 


568. How are the water gauges prepared and fitted ? 

` The water gauges should be inspected for clear openings by 
pushing a wire through the connections and then fitting them 
with gauge glasses. The rubber washers, used to tighten the 
glass, should be carefully fitted, to make sure that they do not 
come in front of the bore of the glass. 


569. How are the cocks and valves fitted for service ? 

Cocks and valves should be reground, or tightened, to make 

‘sure that they do not leak, while still easily moved. They 
should be well cleaned and then fitted with packing between 
the flanges and in the stuffing-boxes. Hand-wheels and handles 
are well fitted, always ready for use. 

Тће safety valves should have their weights or springs, with 
their lifting gear, inspected and put in good working con- 
dition. 

570. How is the serviceable condition ofthe boiler and the 

ЈЕ fittings ascertained 2 
|. To ascertain the serviceable condition of the boiler a test by 

hydrostatic pressure is applied. 


571. How is the test by hydrostatic pressure made ? 

The test by hydrostatic pressure is made by pumping the 
boiler full of water, until the test pressure is attained. The 
boiler is then inspected to discover possible change of form, or 
leakage from seams, rivets or fittings. 

After a successful test the boiler is completely prepared for 
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service by placing lagging on the shell and pipes, filling the 
water space to the prescribed water line, and У the fur- 
nace fittings. 


572. What is done in filling the boiler with water ? 

The boiler is filled with water either fromthe dock by a 
hose through one of the upper manholes, or otherwise from 
the harbor water. 

As it is desirable to obtain the cleanest and freshest water 
possible for the boiler, the supply from the dock will gener- 
ally be preferable. 

The supply of the harbor water is Pa admitted by the 
bottom blow valve or cock, until the level in the boiler is the 
same as that of the water outside. If the boiler should not 
then be filled to its prescribed water level, the bottom blow is 
closed and the rest of the water supplied by pumping. 

To allow the air to escape from the boiler, the safety valve 
and gauge cocks are lifted or left open. 


573. How are the furnace fittings prepared for service ? 

After cleaning out the combustion chambers and furnaces 
the bridges are built up, or repaired, with fire bricks, the grate 
bearers and their supports fitted and the ash-pans put in place. 
The grate bars are placed upon the bearers, so that they are 
not too close together to allow for expansion under the heat of 
the fire, while, on the other hand, they should not be too far 
apart, and thus allow the coal to fall through the grate ип- 
burned. 

The air valves in the hot draft arrangements are overhauled! 
and the ash-pit doors are placed and fitted, so that they swing: 
easily. 

574. How is the funnel prepared for service ? a 

The funnel has its cover removed and the stays adjusted, so 
that they support the funnel, and are still slack enough for) 
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. expansion of the funnel by the heat of the gases of combus- 
tion. 


575. How should the boiler room be kept ready for ser- 
vice ? 

All parts of the boiler should be kept clean and painted 
where advantageous. АП fittings should be operated occa- 
sionally, to make sure of their serviceable condition. The fire 
‚ tools, wrenches and other implements should be in their sup- 
porting racks, ready for immediate use, and everything should 
be kept out of the fire rooms that does not belong there. 


576. What precautions are taken with the engine when 
the ship comes into port ? 

The engine is cooled off very gradually, to prevent strain- 
ing and damage by unequal contraction. 

The cylinder and valve chest covers are lifted only slightly 
at first. The lubricators have the wicks removed or are closed 
down, and the oil drawn off into tanks. The guards and safety 
rails are taken down to facilitate the access to the engine and 
the auxiliaries. 


577. What work is done around the cylinders ? 

The covers are removed, after the engine has cooled suffi- 
ciently, and the bore of the cylinder inspected for smooth- 
ness and wear. The piston follower ring is taken off, and the 
condition of the packing ring and the springs that force it out 
against the walls of the cylinder are ascertained. The nut 
that holds the piston on the rod is inspected, to ascertain 
whether it has remained screwed down hard and is securely 
locked in place. 

Broken or worn bolts and nuts of the follower ring are ге- 
placed, and the springs are reset, so that a uniform pressure is 
exerted on the packing ring. 

If liners are fitted they are inspected for preservation of the 
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packing at the outer end, while the tap screws at the inner 
end are carefully examined to see if they are loose or broken. 

For large engines or tandem arrangements manholes are 
fitted that allow access to either end of the cylinder, without 
removing the piston. 


578. What work is done around the valve chests ? 

The valves are removed and the seats inspected for smooth- 
ness or wear. | 

Solid piston valves, if worn, may have to be replaced by 
new ones, while those fitted with packing rings must have the 
rings spread. Poppet valves are inspected for tightness on, 
their seats, and the seats are examined, if loose. Since, with 
double-seated valves, it may happen that the distance between 
them is a little more, or less, than the distance between the 
faces of the seats, leakage may occur through either the upper 
or lower valve. An adjustment is made either in raising or 
lowering one ofthe seats, or in decreasing or increasing the 
length of the distance piece between the valves. 


579. How are the cross-head and the connecting rod over- 
| hauled 2 

The attention given to cross-head and connecting rod is 
mainly directed to taking up the slack in the bearing brasses. 

In the latter part of the voyage the engine will have given 
indication of too much slack by severe pounding and knock- 
ing, and the engineers will generally know how much fitting is 
required. 

If much wear has taken place, re-Babbitting may be re- 
quired, where anti-friction metal is used. 


580. How is the slipper guide overhauled ? 
In the readjustment of the slipper guide care is taken to 


see that the faces of the guide remain exactly parallel to the 
centre line through the cylinder axis. and the centre line of the 
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crankshaft. In larger repairs, where a cut has been taken off 
the face of the guide in the planer or milling machine, an 
accurate lining-up is employed to secure this parallel position. 
То meet the wear, either the guide may be brought toward 
the centre by shims or distance pieces, or the slipper may re- 
ceive the shims, or have higher Babbitt slips or blocks fitted in 
the dovetailed recesses. The backing strips are then adjusted 
to the new position, or thickness, of the slipper. The cross- 
head guide in the horizontal river engines may require a more 
extensive overhauling, as the boat, after severe service, may 
change its shape considerably. 
' The distortion of the main axis, through the centre of the 
cylinder and the centre of the crankshaft, may be so great 
that a relining of the cylinder, as well as of the cross-head 
guide, may be necessary. 

In beam engines the side pressure on the guide is generally 
so small that an adjustment of the slippers is seldom required. 
The result is then often due more to deformations of the gal- 
lows frame, and to correspondingly changed position of the 
walking beam. 


581. How are the bearings in the cross-head and the con- 
necting rod adjusted P 

The bearings in the cross-head and in the ends of the con- 

necting rod must be adjusted, not only to fit on their pins, but 
_also so that they may preserve the right position of the piston in 
relation to its bore. 

The piston must preserve the right clearances at top and 
bottom, and, upon wear in the bearing, a lining-up by distance 
pieces must be resorted to, so that the piston will return to 
its original position. To realize the desired amount of clear- 
-ance quickly by the adjustment, some engineers employ tram- 
mels to show how far a certain mark on the piston rod or 

-cross-head should stand with relation to a convenient, un- 
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changeable face on the cylinder casting. Others prefer to ри 
marks on the guide and on the slippers, which coincide at the 
extreme positions of the piston. 

The wear іп the brasses is taken up by reducing the thick- 
ness of the distance-pieces between the two halves of the 
bearing. 

Frequently, thin shims of sheet metal are taken out, until | 
the bearing clamps the pin when screwed or keyed down hard. 
Тће shims are then replaced in sufficient thickness to realize 
the desired clearances. Thin shims should be well secured to 
prevent them from getting adrift and from falling out under 
motion of the engine. 

The adjustment of the brasses should be such that the con- 
necting rod will continue to swing in a plane through the axis 
of the cylinder and square to the faces of the slipper guide. 
With divided upper connecting rod brasses, extra care is 
necessary to realize this result, as well as to make sure that 
both bearings, or both links, receive their full share of the 
bearing pressure. 

In beam engines the walking beam should swing truly in this 
plane, and adjustment of the pin bearings should continue un- 
til this result is accomplished. 


582. How is the shafting overhauled and adjusted ? 

The shafting must always remain in a straight line, in order 
to prevent such strains by bending, as, under the constant 
reversals in each revolution, may soon lead to fractures. А 
careful examination and realignment, in case of wear, will, 
therefore, be necessary. The axis of the shafting should be 
square to the line through the centre of the cylinder, and also 
square to the plane in which swings the connecting rod. The 
crank pins should be exactly parallel to the axis of the shaft- 
ing. 

'The wear generally takes place in vertical direction, and the 
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‘task of lining-up consists generally in raising the shaft uni- 


formly, or on one end more than on the other. A line of 
sight, parallel and above the normal axis of the shaft, is usu- 
ally established in more or less permanent form, and is located 
by centre-punch marks on bulkheads or parts of the ship. 


- From these centre punch-marks and additional sighted hori- 


zontal battens the position of the shaft is located by fixed 


.trammels, which should barely touch the top of the shaft. 


The sight line may be easily corrected for deformation of the 
ship, and, if once established, indicates the difference between 
the actual and desired position of the shaft. 

Each bearing, in its lower half, must be lined up, until the 
shaft is at its right height. The top brassesare often fitted to 
the shaft by first measuring the clearance over the pin, when 
screwed down hard. This is done by little balls or rolls of 
stiff putty, or by pieces of lead wire, which are squeezed flat by 
the top brass, so as to indicate, at each end of the bearing, 
the exact clearance. The reduction of this clearance is then 
easily accomplished by filing the distance pieces or removing 
shims. 

The accuracy of the lining-up of shaft and connecting rod 
can be tested, also, by successively turning the crank into sev- 
eral positions of a revolution, and by comparing the clearances 
on each side between crank webs and connecting rod brass. 
The connecting rod brass should be just free from the pin and 
free to swing. 

Several faults may be found: 


(1.) The upper connecting rod bearing, if divided, may have 


· been raised more on one brass than on the other, drawing the 


lower bearing of the rod to one side, and letting it bear only 
on the edges, at the same time pressing always against one 
crank web. 


(2.) Another fault may result when the crank pin swings in г 
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plane, not coinciding with the plane of the connecting rod 
and cylinder axis. In this case the lower brass of the rod will 
press against one web in the top position, and against the 
other web in the bottom position. 


583. What test on alignment is made by the different 
sections of the shafting 2 
One section of the shafting may furnish a test of the accu- 
racy of alignment of its neighboring section at the couplings. 
After the coupling bolts are all drawn, the two couplings 
should touch each other all around their circumference and 
remain so, even after one section is turned 180 degrees. 


584. How is the thrust bearing overhauled and adjusted ? 

The thrust bearing requires attention to make sure that all 
the thrust collars bear uniformly on the rings, or horseshoes. 

With shafts that are out of alignment, it may happen that 
the collars bear more on the top than on the bottom of the 
horseshoes, thus tending to tip them, and eventually to break 
them loose, from the clamping nuts on the side screws. In 
such a case the shaft must be aligned, or otherwise the whole 
thrust bearing must be raised on one end, until the face of the 
horseshoes is again square to the axis of the shaft, coinciding 
with the faces of the shaft collars. 


585. How is the valve gear overhauled and adjusted ? 

In the same manner as the piston, the valves also must be 
retained in an exact position relative to the ports. This is 
true, since the whole steam distribution depends upon this 
position. The wear and slack in the valve gear bearing surfaces 
must, therefore, be taken up with due regard to this position. 
Trammels are frequently employed, in order to establish and 
retain a fixed distance between a punch mark on the valve 
stem and the face of the valve stem guide. 

The wear in the link block brasses is generally taken up by 
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placing shims under the brasses. The valve stem end brass, 
'eccentric rod brasses and eccentric straps are generally fitted 
with shims, to allow an easy and rapid taking-up. 

In beam engines the rock shaft bearing may require taking- 
up; the valve stem arms are ascertained to be secure on the 
lifting rods, also the dash-pots, gear and drop arrangement of 

Sickles’ cut-off gear must be inspected for indications of wear, 
such as would interfere with its correct working. 


586. When is it necessary to set the valves ? 

Valve-setting is resorted to when the valve does not per- 
fectly perform its steam-distributing function. Indicator dia- 
grams, taken on the last voyage, will have given a possible 

clue to the desirable adjustments. A valve diagram furnishes 
the best means for correcting the faults, and setting the valve 
at a position advantageous for timing of the four periods of 
the steam distribution. 


587. What parts of the valve gear are important in the 
setting of the valve ? 
(1.) The centre position of valve in regard to ports. 
(2.) The steam and exhaust laps. 
(3.) The stroke of the vaive. 
(4.) The lead and angular advance of the eccentric. 


588. What measurements are taken for construction of 
ү? the valve diagram and for setting the valves 2 
(1.) Widths of top and bottom ports. 
(2.) Widths of top and bottom parts of valve. 
(3.) Distance between edges of ports. 
(4.) Distance between valve face edges. 
(5.) Largest opening of the top and bottom ports. 
(6.) Length of the stroke. 
(7.) Amount of lead in the top and bottom ports 
(8.) Angular advance of the eccentric. 
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589. What is indicated by the widths of the ports and 
valve faces 2 


The widths of the ports and valve faces give, for top and 
bottom, respectively, the sum of the steam and exhaust laps by 
subtracting the widths of the ports from those of the valve 
faces. For example: If the top port is 1$ in., and top valve 
face is 22 in. then the sum of the to plaps = rin. Also, if 
the bottom port is 13 in., and bottom valve face is 24 in., then 
the sum of the bottom laps = 14 in. 


590. What is determined by the distances between port 
edges and valve face edges ? 


The distances between port edges and valve face edges 
give, for the steam edges, the sum of top and bottom 
steam laps, by subtracting the distance between port 
edges from that between valve face edges, repeating the 
subtraction for the exhaust edges, respectively. For example: 
If the total distance between the steam edges of the ports is 
24 in. and the distance over the valve face steam edges is 
25% in. also total distance over exhaust edges of port is 
204 in. and between valve face exhaust edges is 20 in., the 
sum of the steam laps = 18 in., and the sum of the exhaust 
laps — 4 in. 


591. What is determined by the maximum openings at 
top and bottom ? 


The maximum openings at top and bottom give the extreme 
positions of the valve in relation to the steam edges of top 
and bottom ports. From these and the total distancesthe stroke 
and all of the laps in the normal centre position of the valve 
can be found. For example: The maximum opening of top 
port is 14 in., and the maximum opening of bottom port is 
I} in.; after deducting these from 24 in., the distance between 
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the steam edges of the ports, 21% in. is found as the distance 
between the positions of the edges in the extreme positions. 

If 21$ in. is now subtracted from 258 in., the distance be- 
tween valve face steam edges, then the stroke is determined 
to be 4 in. 


"502. What does the stroke determine 2 


The stroke will give all the extreme and centre positions for 
steam and exhaust edges. 

If the maximum openings are subtracted from the half 
stroke the top steam lap in the example is found to be т in., 
while the bottom steam lap is found to be # in. From the 

widths of the ports and of the valve faces, the top exhaust lap 
is found to be 1 in., while the bottom exhaust lap is found 
to be 2 in. 


593. Of what value is the determination of the laps and of 
the stroke ? 


The laps and the stroke alone can give considerable insight 

into the probable steam distribution, since they allow a com- 
parison between top and bottom lap, and also give the propor- 
tion of the laps to the stroke. 

Steam laps should be fairly equal, being slightly smaller at 
the bottom than at the top, while exhaust laps should be larger 
at the bottom than at the top. The steam laps also should 

“not exceed 4 or 4 of the total stroke. 

Should the valves be set too high or too low on the rod, indi- 
cation of the misplacement would be shown by the laps and the 
stroke. 

If the laps should be very unequal and an extra large steam 

lap associated with an extra small or even negative exhaust 
lap, and the maximum openings, also, in consequence, very 
unequal, then a raising or lowering of the valve will probably 
Бе the required remedy. By a little addition or subtraction, to 


4 
1 
бы 


852 QUESTIONS FOR MARINE ENGINEERS. 


or from the laps, the engineer can find very quickly how much 
the valve should’ be lowered or raised, to obtain the probable 
best setting of the valve. 


594. What does the lead determine ? 


The lead determines where the valve stands, when the pis- 
ton is in its extreme position, and also, with consideration of 
the length of the eccentric rod, the angular advance of the 
eccentric. 

The lead, as explained in the chapter on engines, is the ad- 
vance opening of the steam port, and.is measured with the 
crank at the dead centre. 


595. How do engineers determine when the crank is at the 
dead centre 2 


The movement of the cross-head is exceedingly slight near 
the extreme position, even if the crank swings through an arc 
of some magnitude. It is easier to find, first, the positions of 
the crank, equally distant from the dead centre, and in those 
positions, where the movements of the cross-head are suffi- 
ciently observable. The crank is then turned somewhat 
beyond the extreme position, and marks are placed at coinci- 
dent positions on the cross-head and on the guide. Marks are 
also placed on the circumference of a shaft coupling, having 
reference to a stretched cord, or to a pointer extending from 
the nearest bearing or support. 

The crank is then turned back over the dead centre, until 
the mark on the cross-head again coincides with the mark on 
the guide, and a new mark is placed on the coupling, as de- 
termined by the cord or pointer. By finding the middle of 
the distance between the two marks, and turning it under 
the сога ‘ог pointer, the crank is placed on the dead centre, 
at which positior the lead or opening in the ЕЙ ponding 
port is measured. 
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596. How can the angular advance of the eccentric be 
measured ? 

The angular advance of the eccentric can be measured in 
relation to the position of the crank on the same coupling by 
finding the dead centre position of the eccentric in reference 
to the same cord or pointer. 

The distance on the circumference of the coupling, between 
the dead centre mark of the crank and the dead centre mark 
of the eccentric, will bear the same relation to the total cir- 
cumference of the coupling as the angle between crank and 
eccentric bears to 360 degrees. After measuring with a tape 
line the total circumference, and the distance between marks, 
the result in degrees may be determined by a simple propor- 
tion. 


597. What conclusions may be drawn when the lead and 
the angular advance are known ? 


When the lead and the angular advance are known, a valve 
diagram can readily be constructed, and the desirable changes 
or setting may be effected. 

If the lead should be too large, much more than + or $ in., 
it would indicate that the angular advance of the eccentric is 
toolarge, while either none or a negative lead would indicate 
too small an angular advance. 


598. What factors should be considered in setting the 
| valve gear of a beam engine ? 


The factors in the setting of a beam engine valve gear are 
the position of the cams on the rock shaft, and the angular 
advance of the eccentric, both for the exhaust as well as for 
the steam gear. 

The swing of the cams is effective only in the upper part, 
for raising the lifting rods and valves, and correspondingly 
more or less as the cam is turned up or down. The angular 
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advance of the eccentric determines at what part of the stroke 
„of the piston the lifting shall take place. 


599. What are the functions of the steam toes, and how 
can their influence be altered ? 

The steam toes should lift slightly in lead when the pis- 
ton is in its extreme position and should cut off the steam 
after a certain percentage of the piston travel, shown in Fig. 
69 shortly before o and after 8. 

If the steam toe is bodily turned up around the rock shaft 
the lead will be increased, and the cut-off will take place later, 
while the maximum lift of the valves will be increased. 

If the steam toe is turned down, the lead will be decreased 
and the cut-off will be earlier, while the maximum lift of the 
valves will be decreased. 


600. How can the lead and point of cut-off be measured ? 

The lead can be measured from some convenient point of 
the lifting rod, and marked on an index scale alongside of the 
rod, fastened to one of the guide bearings. 

The point of cut-off can be measured and marked on the 
cross-head slide. 

The dead centre position of the crank is determined as 
before described. 


601. What conclusions can be arrived at when the lead, the 
cut-off and the angular advance are known ? 

When the lead, the cut-off and the angular advance are 
known, they indicate what steps to take for correction of any 
faults in the steam distribution. For example, if the cut-off. 
is too late, then the angular advance should be increased, and 
the steam toe turned down,until the lead is again up to the: 
desired amount, thus reducing the cut-off. 

А short rule is as follows: The period of admission will! 
extend approximately over a crank angle equal to 180 degrees, 
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minus the angle of advance of the eccentric, in Fig.. 69, 
where the angular advance is 30 degrees. This period will 
extend over about 150degrees. Therefore, the cut-off will take 
place after the crank has traveled around about 150 degrees, 


602. In what respect do the operation and setting of the 
| exhaust cams differ from those of the steam cams 2 

The only difference in the setting of the exhaust cams is 
that the cut-off of the exhaust, or the commencement of the 
period of compression, takes place when the piston is very 
near to the end of its stroke. 

The operation of setting is the same as for the steam cam: 
А certain angular advance, usually between 10 and 20 de- 
grees, is selected; then the cam is set to a good lead, usually 
between + and 3 inch, and the point of the commencement of 
the compression is found. 


603. What point should be observed in turning and setting 
the cams 2 

Care should be observed, in setting the cams, that they are 
not turned up too high, so as to lift the valves too much. In 
such case the cams would bear on their sharp points, and not 
on their rounded faces, as intended. 

The other point to be observed is that the cams are not 
turned too low, but lift the valve sufficiently high to give good 
opening for the steam and prevent throttling. 

e] 


604. How is the condenser overhauled ? 

` The condenser is overhauled by cleaning and inspecting the 
steam, the water space and the tubes, as wellas by testing and 
repacking the tubes. The water chests are taken off and 
the manholes and hand-holes in the steam space taken out. 
_ The grease and sediment is washed carefully from the tubes 
and the side of the steam space, or if the tubes are strongly 
coated with oil, boiling out with soda solution is resorted to. 


856 QUESTIONS FOR MARINE ENGINEERS. 


The soda boiling is best done in port and the whole solution 
afterwards discharged in order to get rid of all the oil and ге- 
move the possibility of its getting into the boiler. For the in- 
spection of the tubes, as regards cleanness, as well as possible 
corrosion, a few of them are drawn and their condition de- 
termined. 

Before replacing the water chests, a test pressure, frequently 
about 20 pounds per square inch in the steam space, will re- 
veal any leakage around the tubes. А careful packing of the 
tubes will result in little leakage of salt water and com- 
paratively clean boilers; little scale, and good efficiency of 
steam generation. 

Тре bottom of the condenser may require some cement to 
make an easy flow of the water to the air-pump channel. 


605. How is the air pump overhauled and inspected ? 

Тһе air pump isinspected thoroughly to determine the con- 
dition of the valves, for broken or loose studs, and leaky or 
worn flaps or discs. 

It is essential to ascertain that the guards support the valves 
well in the open position. 

The piston should receive attention as to its packing. This 
should be replaced, if worn, or set out and adjusted. 

The nut holding the piston should be examined, in order to 
make sure that itis screwed down and locked. 

In bucket pumps the lower connecting rod pin bearing may 
require taking up of the slack, and the bucket should receive 
a thorough cleaning out. 

All bolts and studs are examined in order to determine: 
whether they work easily in their nuts, without slackness, and! 
that they are cleaned and freed from rust, so that an opening; 
up and ‘closing of any part of the air pump can be done: 
quickly and effectively while on the voyage, when time is 
valuable. 
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The beams and links should be readjusted and any slack. т 
the bearings taken up. 

The hot well and air-pump delivery should be examined for 
tightness of the pipe connections. 
. It should be thoroughly cleansed from grease and sediments, 
care being taken to have the feed pipe, outboard delivery pipe 
and vent or overflow pipe openings clear and unobstructed. 
Where water gauges are fitted, they may need new glasses or 
new washer packing, with an overhauling and cleaning of the 
connections. 


606. What overhauling is given to the circulating pump ? 

The circulating pump receives attention in the bearings of 
the runner shaft, where the lignum vite may need to be re- 
placed, if much worn. The pipe joints and the run of the 
piping should be examined in order to correct sagging of 
parts and accumulation of air in pockets, which might spoil 
the circulating power of the pump. 

New air cocks may need to be placed, if the piping cannot 
be refitted. 


607. What attention do the reciprocating pumps ге- 
ceive ? 

The reciprocating pumps are examined mainly for the tight- 
mess of their automatic valves and tightness of the piston 
packing. 
` The nuts of the piston rod and the studs holding the valves, 
or seats, are firmly secured, if loose, or replaced by new ones, 
if broken. The cover bolts and studs are put in manageable 
condition for rapid access to valves and pistons. 


608. What attention is given to the steam cylinders and 
valve gears of the independent auxiliaries ? 


The steam cylinders of the independent auxiliaries are ex- 
amined for tightness of their pistons in the barrel, with setting 
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out of old or fitting of new rings. АП the working parts are 
well overhauled, taking up theslack in the different bearings 
of the connecting rod, crank shaft and valve gear, and all parts 
are well secured against the possibility of getting adrift during 
the voyage. 

The valve gear of the reciprocating auxiliaries are inspect 
to determine whether the pumps keep their right full stroke, or 
whether their tightness is sufficient to hold the steam well. The 
valve gears of the revolving auxiliaries are examined for the 
position of the valve on the rod, the position of the eccentric 
and the tightness of the valve. 


609. What attention is given to the auxiliaries outside of 
the machinery space ? 


Aside from inspection of their steam cylinders and valve 
gear, the outside auxiliaries receive attention in the gears and 
countershafts to ensure that they mesh well into each other, 
and that they are not slack in their bearings. 

In the winches the chain barrels may require fitting with new 
chains, while the steering engine may require adjustment in 
the transmission line, from the hand-wheel to the reversible 
valve. 

The ash-hoisting gear may require new ropes or shifting ој 
the pulleys. | 


610. What overhauling is given to the piping 2 


The piping requires a careful inspection for weak places: 
Leaky pipes and joints аге taken apart and replaced by new 
ones. The piping in the tanks or bilges requires a thorough 
examination for corrosion. The steam pipes, or pressure pipes 
may need to be retested by hydrostatic pressure before they 
are covered again with non-conducting material The valve: 
and cocks are refitted and a thorough tightness ensured. 
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Additional drains for water in the steam pipes, or valves, are 
placed wherever pockets may have been found to exist, while 
air outlets are placed on pockets of the water pipes. 


611. What parts require attention when the ship is placed 
in dry dock P 
(1.) Sea valves. 
(2.) Shafting, stern tube and propeller. 


612. How are the sea-valves overhauled 2 


The sea-valves are of the greatest importance for the safety 
of the ship and great care is exercised by the engineers in their 
inspection. | 

The gratings of the suction valves are taken об and 
thoroughly cleaned, straightened or replaced by new ones, 
The necks of the valves are cleaned, and the zinc protecting 
rings are taken off. The condition of the hull material in steel 
vessels is carefully inspected to see if the zinc ring has per- 
formed its full duty. 

The riveting of the reinforcing rings and the bolting of the 
sea-valve casings is overhauled, and every defective rivet or bolt 
is recaulked or set up tight. 

The bottom blow valves frequently show considerable wear 
around the openings, and the spigots or lips may require refit- 
ting, if severely worn. In wooden hulls the caulking around 
the openings is renewed, if loose or worn away. The openings 
through the wood are required by some engineers to be fitted 
with lead sleeves, before the neck or valve is fitted. This lead 
sleeve is expanded tightly into the wall of the opening to pre- 
vent any leakage into the interstices between the parts of the 
material. Тһе ends of the sleeve are flanged down into а re- 
cess, and nailed down, water-tight, with packing, if neces- 
sary. 

The bolts of sea-valves in wooden hulls are liable to give 
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trouble by breaking. It is, therefore, advisable to use studs ` 
with wood screw thread for tapping into the wood, while bolt 
thread and nuts on the upper ends allow removal of the valve 
without disturbing the part of the bolt in the wood. 


613. How is the stern-tube overhauled ? 

The stern-tube is overhauled in the stuffing-box and in the . 
bearings. The stuffing-box may be worn in the bottom collar 
or in the gland, in which case new bushings are fitted. The 
gland studs, or bolts, may require fastening or tightening in 
the bulkhead or collar flange, and are cleaned and oiled to 
make them work easily for uniform and nice adjustment of the © 
stuffing-box. 

The bearing sleeves are taken out, in order to reveal the con- 
dition of the lignum vite strips, which must be renewed if worn 
much. The bearing sleeves in wooden boats may require refitting | 
as well as lining-up and reboring, to suit the right shaft axis 
after large repairs. The studs and bolts are all well secured with 
locked nuts, in order to make sure that nothing gets adrift, 
when under way. 

The cock used for drawing water from the stern tube is re- 
ground and put into thoroughly serviceable condition. 


614. What attention is given to the propeller 2 

The fit of the propeller on the cone of the shaft must be 
perfect, and the hub well secured by drawing it up tight with 
the nut or key, and these securely locked. The water-tight 
cap, over the end of the shaft, is examined for water-tightness 
and all bolts and studs are fitted well and locked. 

Frequently the cap is completely filled with hot tallow, 
which, if well poured, prevents the sea water from corroding 
the end ог «ће propeller. The forward face of the propeller | 
boss extends generally over the brass liner of the shaft, to 
keep the. shaft from corroding. If not very carefully fitted, 
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however, the water will leak in. This may be prevented by 
‘compressing a few strands of packing under a cup-shaped col- 
lar in halves, which makes the joints tight. 

Propellers with loose blades are examined around the flanges 
of the blades for loose studs or nuts, which may require tight- 
ening. The blades, if bent, are straightened out, or replaced, 
while cast steel blades, if honeycomed at the tip, may have 
the corroded parts chipped off or filled with cement. 

With bronze blades, on iron or steel hulls, zinc slabs are fas- 
tened on sternport, shaft struts, rudder post or near lying parts 
of the plating to neutralize, as much as possible, the injurious 
effects of galvanic action on the steel. 


615. What attention is given to the shafting ? 


The shafting, if fitted with brass liners, is examined very 
carefully for any possible indication of corrosion. The liners 
are removed, if any doubt exists, and carefully refitted or left 
off, as many engineers prefer that all steel shafts, which, in 
single screw steamers, sometimes run іп a bath of oil and tal- 
low, should fill the entire stern tube and keep the water out. 
In this case, a shallow stuffing-box is fitted at the outside end 
of the stern tube. In twin screw ships the fair water sleeves, 
on coupling or shaft struts, are put in good condition, straight- 
ened and refitted, if bent, and all bolts are well secured. 


616. What is done to place the machinery in condition pre- 
paratory to a new voyage 2 


After making all the repairs and adjustments required by 
condition of the parts, or permitted by available time, the 
parts are again assembled, the packing replaced, or renewed, 
and the stuffing-boxes are packed and screwed down tightly. 

The lubricators, oil cups and distributing pipes are replaced, 
refitted with wicks, or made ready for the reception of the oil. 
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^ 
The safety guards and swash plates are replaced, oil tanks 
and feed tankş cleaned and filled, the wrenches, tools and 
spares stowed in their receptacles, or lashed securely to their 
зеа лов. 
The engine room and shaft alley are cleaned and everything 
not required for the voyage is removed, in order to complete 


preparations for getting up steam. 


617. What precautions are taken in coaling 2 


Before the coal is taken into the bunkers they are all cleaned 
out and receive а fresh coat of paint, sufficiently in advance to 
be dry when coal is taken in. The stiffeners and braces are ех- 
amined to see if they are bent ог have loose or broken brack- 
ets or rivets. The doors are oiled and inspécted for easy and 
quick operation in closing on their seats nicely, if required to 
be water-tight. If temperature or sounding tubes are fitted 
in the bunkers they are cleaned out and secured, so that no 
coal can get into them. 

Platforms of wooden planks are laid under the coal scuttles 
to break the fall of the coal, and the ceiling on the floor, and 
up at the sides, is thoroughly repaired and made tight, to pre- 
vent coal dust from finding its way into the bilge and the suc- 
tion ends of the bilge pumps. If any coal remains in the 
bunkers it is shifted nearest to the doors and so used first on 
getting up steam. 

The coal is taken in as dry as itis possible to obtain it, to 
prevent decomposition, and eventual spontaneous combustion. 
The stowing is carefully superintended by the engineer to get 
all the corners full, and the coal is stowed uniformly to the 
same level. The arrangement for ventilation is put into effi- 
cient condition, to carry off all gases that may generate from 
the coal. 


Creat EER TWENTY-FOUR. 
LAYING-UP MARINE MACHINERY. 


618. What is understood by the term laying-up marine 
machinery ? 


Laying-up marine machinery means putting it in such con- 
dition that it may remain unused for a more or less extended 
period of time without impairing its further usefulness. 


619. What is the principal danger that must be guarded 
against in laying-up ? 


The principal danger, threatening to impair the future use- 
fulness of the machinery, consists in rusting and corroding. 


620. How are the external surfaces of the boiler prepare. 
for laying-up 2 


After the boiler is cleaned and inspected—as described in 
Chapter XXIII., under the heading, Care and Overhauling in 
Port—all loose parts, such as grates and grate-bearers, are 
stored in a dry place, and the furnaces, combustion cham- 
bers and tubes are given by some engineers a thin coat of 
 linseed oil, after being first thoroughly dried. 

If the lagging shows defects or signs of corrosion it is 
generally advisable to remove the defective parts and to give 
a good coat of red lead paint to all exposed surfaces. 
Thorough cleaning and scraping and subsequent painting is 
especially needed on the lower surfaces that are exposed to 


moisture from the bilges. 
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621. How is the interior of the boiler prepared for laying- 
up? | 

The interior of the boiler, after being cleaned, is thoroughly 
dried and must be kept dry, as moisture is the agent that 


promotes rusting and corrosion. 


622. What means are employed to keep the interior of 
the boiler dry 2 


To keep the interior of the boiler dry some engineers 
make use only of the natural circulation through upper and 
lower man and hand holes. Others place flat vessels, filled 
with quicklime, for the absorption of all moisture into the 
boiler, and then close it up tight. 


623. How are the fittings of the boiler prepared for laying- 
ир? 

The fittings of the boiler are taken apart, cleaned, and, 
after being greased with a slight coat of clean tallow, аге put 
together again without packing. To make sure that no rust- 
ing or sticking takes place, the valves and cocks are moved 
occasionally. The sea valves and bottom blow valves, or 
cocks, must be put into serviceable condition, with complete 
packing at the time of docking, as it is desirable to keep the 
water and moisture out of the ship as completely as possible. 


624. How is the engine prepared for laying-up? 


The engine must be protected in the same manner as the 
boiler against the influence of rust and corrosion. ЗІ 

Particularly on the finished surfaces, such as piston and valve 
rods, cylinder bores and valve faces, as well as on all the bear- 
ings, a great impairing of the future usefulness of the engine 
would take place, if rust should deprive them of their smooth- 
ness and lack of friction. 
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The remedies applied are, in this case also, protecting coats 


| of paint, oil or tallow, and the prevention of condensation by 


ensuring a dry surrounding atmosphere. All rough surfaces 
may be painted, while the finished surfaces receive coats of 
heavy oil, tallow, or a mixture of tallow and white lead, which 
latter adheres very firmly and possesses at the same time con- 
siderable body and lasting qualities. Тһе copper, brass or 


bronze parts are naturally more immune from corrosion than 
‚ the steel parts, and the latter, therefore, require the greatest 


attention and an occasional inspection, to see that the protect- 
ing coats have not been rubbed off. The bearings of the 
shafting may hold moisture that would corrode the lower part 
of the shaft, if plenty of tallow is not applied to the lower 
brass. An occasional turning over of the engine with the 
hand turning gear is a wise precaution to make sure that 
nothing rusts tight. 

The greatest care should be taken to remove all water and 
moisture from the engine, and no protective coating should be 
applied to any part of the machinery that is not dry and at 
least moderately warm. 

All drain cocks should be kept open, and the engine turned 
several times for the complete removal of all water. Ша 
systematic inspection of the ports or any pockets of cylinders, 
liners, valve chests, stop and other valves should reveal any 


water lodging in these pockets, it should be sponged out or a 


little hole drilled for drainage. In localities where freezing 


weather is likely to be endured by the laid-up machinery, this 


proves of the greatest importance,as such imprisoned water, 
upon freezing, expands, and is very apt to crack the casting 
or the part in which it is contained. 


625. How are the auxiliary machinery and piping prepared 
for laying-up ? 


The auxiliary machinery and piping are prepared for laying- 
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up in amanner similar to that used with the main engine. All 
rough parts may receive a coat of paint or linseed oil, while 
the finished parts receive a coat of heavy oil, of tallow, or of a 
mixture of tallow and white lead. 

The drainage of water should be as complete as for the main 
engine. It is better to drill small holes or to take down the 
valves or parts than to allow water to lodge in any pockets of 
the condenser, pump cylinders, pipes, valve chests, manifolds, 
etc. 

A great deal of expense, in way of repairs, can be avoided 
by faithful attendance to these precautions. 


626. What precautionary measures should be taken in re- 

gard to engine and boiler rooms 2 

The preservation of the efficient and useful condition of 
the machinery depends upon successful protection against 
condensation of moisture. There are two factors generally 
influential in preventing the precipitation of water from the 
atmosphere: The first is to keep the air as dry as possible by | 
preventing its absorption of moisture from water in the bilges 
or open tanks. 

Тће second is to keep the air, as uniformly as possible, at an 
average comfortable temperature which will prevent sweating 
or throwing-down of the moisture. 

It is apparent that the accumulation of large masses of 
water in the bilges would readily furnish great quantities of 
moisture and the bilges should, therefore, by frequent pumping, 
be kept as dry аз the condition of the ship will allow. АП 
water tanks should be kept empty, or, if water is needed, 
should be supplied with tightly-fitting covers, in order to prevent 
evaporation. 

As is well known, air of low temperature can hold suspended 
moisture less easily than warm air, which tendency finds its 
climax in freezing weather, when the moisture is nearly all 
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thrown down in form of frost or ice. By keeping fairly dry air, 
ata relatively high temperature, the dangerous “ sweating " can 
be largely avoided. In localities where the laid-up machinery is 
exposed to freezing temperatures it is found advantageous to 
provide for artificial heat, іп some form, in the engine and 
boiler room. This helps to keep the temperature of the air and 
the machinery as nearly uniform as the conditions will allow. 
On the other hand, too high a temperature, say above ninety 
degrees Fahrenheit, may be undesirable, as it may stimulate 
larger evaporation from the bilge water, or other sources, and 
thus add to the total humidity of the air. 


CHAPTER. TWENTY-FIVE 
CARE AND OPERATION UNDER WAY. 


627. What steps are taken for the getting-up of steam? 

For getting up steam the fires are built and kindled, the 
needed lamps and lanterns in the boiler room, passages and coal 
bunkers are lighted, and the water level brought to the right 
height. The bottom blow valve is inspected again to make 
sure that it is tightly closed. 


628. How is the fire built ? 

Engineers frequently build fires by filling the after two- 
thirds of the grate with coal about five to eight inches deep, 
and filling the forward third with a stack of heavy sticks of wood, 
covered with coal up to nearly the top of the furnace. . Oily 
waste is placed in the interstices of the wood and the front for 
lighting the pile. 

The ash-pit door is kept closed and the furnace door open 
after lighting until the fire has burned thoroughly through 
the forward part and begins to spread over the after bed of 
coal. 

The ash-pit door is then opened and the burning coal well 
distributed over the whole grate, being soon aglow under the 
draft. 


629. What precaution should be exercised upon lighting 
the fires ? | 

The fires, when lighted, should not burn with a strong draft, 

as unequal expansion of the material will cause leakage in 

tubes, seams or rivets. There is special danger in Mire tube | 


boilers, where the great body of water in the lower part of the 
368 
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water chamber remains quite cold, and is liable to set up severe 
raking strains, if the upper part is heated quickly by forcing of 
the fire. 


630. What methods are employed to prevent this uneven 
heating of the water in large fire-tube boilers ? 


One method employed to avoid the uneven heating of the 
water is the application of heat from an outside source to the 
water, more or less out of reach of the influence of the furnace 
fire. This heat is generally obtained in the form of steam 
taken from the donkey boiler, which is blown directly into the 
cold water through a nozzle system, similar to an ejector, thus, 
at the same time, aiding in the circulation and intermingling of 
the water. Another method employs the donkey pump, which 
draws the cold water off from the bottom and pumps it in 
again near the top through the feed check, thus circulating it 
thoroughly. Frequently the cold water is blown out bythe 
bottom blow valve, and the boiler is filled up again with the 
pump, by which process the warmer water at the top gradually 
sinks to the lower parts of the boiler. 

With such additional, artificial circulation, steam may be 
raised much more rapidly than when accomplished without 
such help, and it does not strain the boiler excessively. 


631. Why is the air in the boiler allowed to escape and 
how is this accomplished ? 


All water of normal temperature contains, under atmos- 
pheric pressure, a certain percentage of air, which is given up 
at boiling. This and the airin the steam space, if not removed, 
would get into the cylinders and condensers, and retard the 
vacuum. Another reason is that the presence of air would 
furnish a large amount of oxygen, which would be active in 
corroding the material of the boiler. Therefore, to remove 
the air,the water is boiled under atmospheric pressure by 
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lifting one of the safety valves and opening the upper test 
and water gauge cocks. The forming steam can then drive 
the air that escapes from the boiling water, or was standing 
above it, entirely out of the boiler. 


632. What steps are taken when steam begins to form ? 

As soon as steam begins to form freely, the safety valve, 
test cocks and water gauge cocks that had been left open are 
closed. The steam gauge is examined and watched to see if it 
moves easily. The level in the water gauge must be frequently 
observed and the lamps that furnish the illumination at these 
two most important indicators put іп - efficient working con- 
dition. 

The donkey pump is warmed up as soon as sufficient steam 
is formed, and slowly started for feeding the boilers. Theeasy 
fluctuations and slow rising of the water in the gauge glasses 
and the click and gradual cooling of the check valves indicate 
that the feeding proceeds successfully, and that the indications 
of the gauge glass are trustworthy and reliable. 

All manholes and handholes are drawn up perfectly tight, 
and all joints are examined for leakage, or to see whether they 
require alast tightening for successful operation. 


633. What steps are taken when steam is fully up ? 

When the full steam pressure has been reached, the draft is 
checked by closing the ash-pit doors. The opening of the fur- 
nace and uptake doors is not considered desirable, as too much 
cold air may be admitted, with the danger of straining the 
boiler. Someengineers lift one of the safety valves slowly 
and slightly, while others prefer to blow some of the water 
off by the surface blow valve, and then to feed again with 
colder water, thus checking the steam generation. 


634. What preparations are made for starting the engine ? 
The preparations made for starting the main engine are fill- 
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ing the oil cups and lubricators and the warming-up of all parts, 
pipes, auxiliaries, cylinders, steam jackets, etc. The boiler 
stop valves to the auxiliary and main steam pipe are slowly 
opened a few turns, and all drains and drips are opened to let 
the condensed water escape freely. 

The engine stop valve is opened, at first very slightly, to Ict 
only a small amount of steam into the valve chests. By turn- 
ing the engine by hand several times, and after warming of the 
steam reversing cylinder by throwing links alternately into the 
extreme positions, the steam enters into both ends of the 
cylinders and gradually brings the cold metal parts ap- 
proximately to the normal temperature of the steam. 

The drain cocks are, meantime, left wide open to allow a 
free escape of all the condensed water and air in the pipes, 
valve chests and cylinders. 


635. How is the condensing plant prepared for the start- 
ing of the engine ? 


The condensing plant, if already holding a vacuum before 
the starting of the engine, can aid materially in quickly getting 
under way. The possibility of obtaining a vacuum beforehand 
is one of the main advantages of the independent circulating 
pump and the air pump. After opening the sea-valves for 
suction and discharge of the circulating or condensing water, 
the circulating pump is started with steam from the auxiliary 
steam pipe, taking the same precaution of warming-up slowly 
ind draining well. 

Steam from the bleeder pipe is led into the condenser and 
condensed on the tubes. The independent air pump, or other- 
wise the donkey or feed pump, draws the water and air from 
the bottom of the condenser and discharges into the hot well, 
overboard, or into the boiler. Тһе vacuum, thus caused and 
held, forms a powerful suction upon the low-pressure piston, 
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which helps to bring the engine quickly to the development of 
its full power. 


636. How is the engine handled immediately before the 
start 2 


After the engine is fully warmed up, the oil cups for internal 
and external lubrication are again filled, and a few more turns 
of the stop valve are made, giving sufficient steam for a few 
slow revolutions forward and backward, until everything is 
proved to be clear and in good working order. The engine is 
then kept moving slowly, or is shut off again ready for the signal 
to start, 


637. What is the principal work in the boiler room during 
the voyage 2 
The principal work in the boiler room -during the voyage, 
aside fron the handling of coal and ashes, is: 
(1.) Keeping the steam pressure by firing. 
(2.) Preserving the water level by feeding. 


638. How are the fires tended after getting under way ? 


The firing must be done in such manner that the prescribed 
steam pressure is held assteadily as possible. The ideal method 
of firing, as approximated with a gas or oil fire, is to produce 
from the furnace a steady flow of fire gases, of such temper 
ature and such volume as will evaporate from the heating sur: 
facethe exact volume of steam required for operating the em 
gine and its auxiliaries. 


639. How far is this condition realized in the ordinary 
manner of firing coal? 


The ordinary manner of firing coalrealizes, only in a limitec 
way, a steady steam pressure, particularly in the case of water 
tube boilers. The firing must be conducted so that the fluctu 
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ations are, at least, held within the smallest range, by keeping 
the steam production at times a little above the normal, thus 
making up for the inevitable falling-below this average at 
other times. The factors that must be regulated are: 

(1.) Amount and distribution of fuel. 

(2.) Draft through the fuel. 


640. How is the amount and distribution of the fuel regu- 
lated 2 


The amount of fuel required for the production of the steam 
is supplied through the furnace doors, uniformly and in fairly 
equal intervals, to all the furnaces in regular rotation, so that 
all contribute an equal share to the work. Some firemen sup- 
ply a larger amount at longer intervals, while others prefer to 
give smaller quantities oftener. 

The opening of the fire doors reduces the draft through the 

bed of fuel and so checks the combustion, at the same time 
adding cold air to the fire gases, and thereby reducing their 
temperature, with a consequent falling-off in the steam produc- 
tion and pressure. Тһе doors should be left open, therefore, 
only the shortest possible time. The distribution of the fuel 
on the grate should be as uniform as possible, keeping an even 
thickness of the fuel, and not allowing the grate to burn bare 
in some spots, while deep piles lie in others. The air rushes 
through the uncovered places and lowers the temperature of 
the gases. 
` The coal is not used in large lumps but in pieces about the 
size of a fist, so that it can be evenly distributed over the 
grate. 
_ The thickness of the bed of fuel depends somewhat оп 
the quality of the coal and principally on the draft. Тһе bed 
of fuel is of good thickness when the draft can just keep it 
burning well through its whole depth. 
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641. How is the draft through the fuel regulated 2 

Natural draft,is regulated by the ash-pit doors, and forced 
draft is adjusted by the revolutions of the fan. Both depend, 
for the effect of the air supply, upon the condition of the bed 
of fuel. When clinker and ashes have been formed on the 
grates, the draft will be checked and the combustion retarded. 
When the fire is clean, the draft is strong and the combustion 
good. The fire is kept in such condition that sufficient air finds 
its way through the bed of fuel for such combustion as is neces- 
sary to keep the steam pressure fairly steady. 

A certain mean between the depth of the bed, the quality 
of the coal апа the intensity of the draft, which will produce 
the least fluctuation, is soon found. 


642. How is the need of cleaning the fire indicated ? 


The need of cleaning the fire is indicated by a decreasing re- 
flection from the fire in the ash-pit. The clinkers and ashes 
settle on the grates, close the interstices between the bars and 
thereby keep the air from getting to the fire above. 


643. How is the cleaning of the fire accomplished ? 


The cleaning of the fire is accomplished from below through 
the ash-pit doors and from above through the furnace door. 

Ashes and small particles of clinker can easily be removed 
from below, particularly with shaking grates, but the heavy 
clinkers must be withdrawn through the п. doors. 


644. How often is this cleaning required ? 


The frequency of cleaning depends somewhat on the quality 
of the coal, but for average conditions a thorough cleaning is 
needed once in from eight to twelve hours. Many engineers, 
however, prefer to clean fires in every watch of four hours, 
usually in the third hour. 
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| 645. How is the cleaning accomplished 2 


The cleaning is done when the body of fuel is well burned 
through and somewhat below its average depth. The good 
coal is raked quickly to-one side of the furnace, the clinkers 
pried off the grate bars and withdrawn through the fire door. 
Allthe good coalis then transferred to the cleaned side, and 
the clinker is removed from the second half of the furnace. 
The burning coal is now well spread all over the grate and 


‘charged with fresh coal. If the fire should have burned down 


too much for complete covering of the grate, a little burning 
fuel from the neighboring furnace is taken. The clinkers 
are cooled with water and removed, together with the ashes. 


646. What is the most important consideration in cleaning 
fires 2 
The most important point in cleaning fires is that it should 
be done quickly, so that the inevitable and injurious cool- 
ing of the fire gases and boiler may be as slight as possible. 
647. What may cause the grate bars to fall out 2 


Grate bars may fall out when they burn through, or bend, 


under excessive heat or weight. They may be knocked off the 


bearers, also, during the cleaning from below or above, 


648. What is done when the grate bars have fallen out 2 


New bars are put in the place of the damaged ones, withthe 


help of special grate bar tongues and poking tools. 


` 649. What is the principal cause for the burning of grate 


bars ? 
The burning of grate bars takes place principally when the 
amount of ashes in the ash-pit becomes so large as to obstruct 


"the passage of the cooling air to the bars, which, in conse- 


quence, becomes very hot. The radiation of the glowing 
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ashes and clinkers may aggravate this influence to such an ex- 
tent that softening and sagging of the bars takes place. To 
prevent this possibility, the ashes are frequently removed, 
cooled down by water and disposed of, at least once in every 
watch. 


650. In what other place can checking of the draft occur > 

The draft can be checked or retarded, also, when the passages 
through the tubes, in fire-tube boilers, or between the tubes, in 
water-tube boilers, are clogged, closed, or contracted by soot, 
ashes and cinders, particularly where a strong forced draft is 
employed. 

For sweeping the tubes of fire-tube boilers, the fire is al- 
lowed to burn down fairly low; the ash-pit doors and uptake 
dampers are closed, and the furnace and uptake doors are 
opened. The sweeping is done as quickly as possible, either 
by hand, with а wire brush or scraper, or by a steam blast nozzle 
that pushes the obstructing particles back into the combustion 
chamber. The sweeping of water-tube boilers is generally 
done with a steam blast nozzle, as hand-cleaning proves insuf- 
ficient and much slower. 


651. How is the feeding, for the preservation of the water 
level, regulated ? | 
The feeding should be regulated by hand, or automatically, so 
that the normal water level is preserved with the least fluctua- 
tion. 


652. How is the regulation accomplished ? 

The regulation of the feed supply is accomplished, by limit- 
ing the lift of the feed check valve to an opening that will pass 
the required amount of water. 

With independent feed, or donkey, pumps the steam supply 
is adjusted, until the pump furnishes an amount of water equal 
to the evaporation of the boiler. 
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With large fire-tube boilers this may be accomplished with 


| relatively little attendance, but in water-tube boilers a frequent 


observation of the water level and readjustment of the feed- 
water supply is required. For this type of boiler the auto- 
matic feed regulators prove great helps to engineers, although 
they never can be trusted absolutely. 


653. What connection 15 there between feeding and firing 2 


The connection between feeding and firing is very clearly 


| perceptible with water-tube boilers, though less pronounced in 
‚ fire-tube boilers. 


If the firing is irregular, and if, through long and frequent 
opening of the furnace doors, the evaporation is checked and 
the pressure has fallen, then less feed water is required, and 
the water rises in the gauge glass, if the same supply is con- 
tinued. 

In water-tube boilers, with small heat storage capacity, the 
drop in evaporation and pressure will be very pronounced, 
while the excess of feed water, being large in proportion tothe 
free water surface, will raise the level rapidly. 

In large fire-tube boilers, with great heat storage capacity, 
the drop in evaporation and pressure will be comparatively 
small, while the excess of feed water, being distributed over a 
large water surface, will raise the level very slowly. 

The reverse takes place when excessive firing has quickened 
the evaporation and increased the steam consumption by ac- 
celerating the speed of the епоше. More feed water is required, 
or the water falls in the gauge glass, if the same supply is con- 
tinued, quickly in case of water-tube boilers, slowly in case of 
fire-tube boilers. 


` 654. What precaution is exercised in the determination of 


the water level. 
The water level is determined by the reading from the gauge 
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glass, or by the test cocks. The level in the gauge glass is - 
watched and all connections blown through once in each watch, 
to make sure that no clogging of the passages has taken place. | 
If the level, after blowing through, reappears smartly and with 
easy fluctuations, it is a sign of clear passages and reliable in- | 
dication of the level. Aneasy following of the movements of 
the ship by the level in the glass also indicates to an experi- 
enced eye the clearness of the connections. 


If the glass is full, a slight opening of the blow-out valve and 
closing of the water valve will bring the level down gradually, 
while it is sent back to the top upon re-establishing the normal 
condition. If the glass is empty and no indication of the level 
is received from the test cocks, the fire should be checked, 
as much as possible, and, through the uptake doors or casing 
covers, it should be determined if the upper part of the heat- 
ing surface has been bare of water, and is so overheated. 


It is considered best not to accelerate the feeding in such a 
case, as this is likely to cause sudden evaporation of large 
bodies of water into steam, which might lead to ruptures or 
explosions. Everything is allowed to cool down and carefui 
observation is made, so that the extent of the damage may 
be determined, before feeding and putting the boiler again 
into service. 

Asthe rolling or pitching movements of the ship may dis- 
turb the readings of the gauge glass, experienced water tenders 
judge closely, so as to keep the level sufficiently high that no 
part of the heating surface is exposed to the direct heat of the 
fire. 

When the glass breaks the connections must be shut off and 
the test cocks used for finding the water level. 

The automatic self-closing gauge connections, if simple and 
not easily deranged, are found convenient by many engineers. 

The readings from the test cocks must be interpreted with 
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judgment and experience, as, under the movements of the ship 
or with a priming boiler, the cocks may discharge very moist 
steam, which is easily mistaken for water. As the greatest 
danger to the boiler lies in low water, the test cocks, in dis- 
charging all steam, will indicate this 
condition quite clearly, thus giving 
warning that investigation is need- 
ed. . By discharging all water, with 
a high level, they serve, for the ex- 
treme cases, fairly well until the 
water gauges are placed again in 
working order. The new glass is 
carefully packed with the rubber 
washers, drawn up tight by the 
glands and then warmed up slowly 
and carefully to prevent breaking 
of the glass by unequal expansion. 
655. How is the quality and con- 
dition of the water in the 
boiler determined 2 
The quality and condition of the 
water is determined generally in 
regard to: 
(1.) Acidity. 
(2.) Salt, scale and dirt. 
656. How is the acidity of the 
boiler water determined 2 
The acidity of the boiler water is 
found by testing it with blue litmus 
paper, which turns red when the 
water contains free acid. 


2 eet > Ета. 148.— Part Sectional Elevation of 
To prevent this acidity, which a Water Gauge Glass, showing 
5 р method of attachment to boiler 
may cause corrosion of the boiler shell. 
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material, the water is better kept slightly alkaline by add- 
ing a solution of soda to the feed water, generally in the surface 


condenser. 


657. How is salt in the boiler water detected ? 
The salt in the boiler water is detected by the salinometer 


Fia. 149.—A Salinometer, The 
upper bulb is the float, 
giving buoyancy to the in- 
strument, the lower one is 
loaded, so as to cause it to 
sink according to the den- 
sity of the water. 


(Fig. 149). This is a tube with gradua- 
tions and two bulbs, the lower of which 
is loaded with a weight sufficient to let 
the tube float upright, immersed to one 
of the graduations, according to the 
density of the water. In fresh water, 
the salinometer sinks to the top gradua- 
tion, o, while, due to the greater density 
of salt water, it floats higher and higher, 


according to the increasing percentage 


of salt contained in the water, as indi- 
cated by the scale of graduations. 

As sea water, on an average, con- 
tains one part of salt to thirty-two parts 
of water, the scale sinks to mark т in 
ordinary sea water. The graduation 
generally extends to mark 4, at which 
point the dangerous deposit of salt 
would commence.. The percentage of 
salt in the water, however, is not al- 
lowed to rise above 3 and is preferably 
less. 

With modern boilers, feed heaters 


and evaporators the danger from salt is remote and, for this 
reason, blowing-off need occur but rarely. The water for 
measuring by the salinometer is drawn off into a little pot, 
where it is allowed to assume a certain temperature, generally 
200 degrees Fahrenheit, to which the graduation of the sali- 
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nometer scale is adjusted. It is only at the special marked 
temperature that the readings of the instrument are right. 

To save time, engineers have sometimes salinometers marked 
respectively for 190, 200 and 210 degrees Fahrenheit. 


658. What is done to keep the water from depositing scale 
and foreign matter in the boiler ? 


The permanent deposition of scale or foreign matter in the 
boiler may be prevented in two ways, first, by forcing the water 
to deposit it before entering the boiler, or, secondly, by trans- 
forming it into such shape that it will not deposit as a hard 
scale, firmly adhering to the material, but can be removed in 
loose form by blowing-out. 


659. Where and howis the foreign matter deposited before 
entering the boiler 2 


Тће foreign matter in the make-up, ог feed water, may be 
forced to settle by heating it in the evaporator and the feed 
heater, or by filtering itin the feed-water filter. 

In the evaporator, the feed make-up is freed from the salt 
and scale elements contained in the sea water. In the feed 
heater it is freed from all the scale or salt particles that are 
drawn from the injection condensing water, or that are intro- 
duced by the leakage through the tube ends of the surface 
condenser. The feed-water heater is effective, also, in freeing 
the water from air, and a large part of scum, oil and grease, 
which, upon heating, rises tothe top of the heater, being left 
behind, so that the water may be drawn off well below the top 
of the heater, already comparatively clean. 

The feed-water filter will retain the whole, or the remainder 
of the mechanical admixture of the water, mainly oil, grease 
and scum, and allowit to enter the boiler practically free from 
foreign matter. 
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660. How is the foreign matter in the feed water trans- 
formed for easy removal from the boiler ? 


The foreign matter in the feed water is transformed either 
by chemical or mechanical means. Ву chemical means it is 
influenced so that it remains soluble up to a certain density, 
or is precipitated in granular or powdery form, easily removed 
by blowing-out or washing-out at intervals. 

Vegetable substances containing acid, such as are sometimes 
employed for this transformation in the boilers of river 
steamers with fresh water feed, should be used only sparingly, 
and with precaution, as any excess of acid attacks the ma- 
terial of the boiler and does more damage than good. 

Caustic soda, salts of soda or ammonia, lime, etc., with more 
ог less alkaline reaction, are generally found to be the best 
chemical agents to transform,or prevent, the deposit of hard 
boiler scale. 

Such chemical meansas are used for fresh water are kero- 
sene or crude oil, which prevent the scale from adhering firmly 
to the heating surface, keeping it loose and spongy. They 
should be applied, however, in small quantities only, as, 
particularly with crude oil, the water is inclined to foaming and 
priming, aside from the fact that the spongy oil and scale, cover- 
ing the heating surface, retards the heat transmission much 
more than does the hard scale alone. 


661. How are the blow valves used for the removal of for- 
eign matter in the boiler ? 


The blow valves furnish the means for removing the foreign 
matter that remains loosely in the boiler water. Blowing, 
however, must be done with a certain amount of judgment, 
as all the heat in the water blown overboard is entirely 
wasted. | 

The state of the water may ђе seen at the surface in the 
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gauge glasses, ог is determined from a sample taken at the test 
cocks. 

Particularly oil and grease, with scale particles mixed in, are 
found in form of scum floating at the surface, and are best 
promptly removed by the surface blow before they find a chance 
to settle on the heated surface. 

A sample of the water taken at the salinometer cock often 
indicates the state of the water lower down and the advisability 

of using the bottom blow. 

Care should be exercised in handling the blow valves, or cocks, 
to make sure of their condition, whether open or closed, as re- 
quired, and to indicate, beyond any doubt, in which position 
they are. Some engineers fit the handles or wrenches in such 
manner that they can only be removed when the cocks are fully 
closed, and it is thus possible to know, even from a distance, 
what is their position. 


662. What is foaming, or priming, of the boiler water P 

Foaming, or priming, is a more or less violent ebullition of 
the boiler water, which causes the steam to carry particles 
сі water with it, a condition dangerous to the safety of the 
engine. 

663. How is foaming, or priming, observed ? 

Foaming, or priming, is observed in the gauge glasses, where 
the level of the water appears very unsteady, sometimes 
‘filling the glass altogether, at other times disappearing en- 
tirely. The water is also dirty and leaves a sediment on the 
glass. 


664. What are the principal reasons for foaming, or prim- 
ing ? 
Foaming, or priming, may result from sediment, mud or dirt 
in the boiler water, which forms a layer of scum at the surface. 
Another cause may be very irregular firing and feeding, or a very 
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sudden starting of the engine, with consequent large steam 
withdrawal. 

The cause is frequently found in defects of design or con- 
struction, namely, too small a steam space, contracted water 
space, or too low a position of the entrance of the main steam 
pipe. 

665. What precautionary measures are usually taken 
against priming in the boiler ? 

The precautionary measures consist generally in checking the 
evaporation by closing the ash-pit door and, in very severe 
cases, opening the uptake doors slightly. The boiler is also 
fed with clean water, and the surface blow used for the re- 
moval of the surface scum, while the stop valves are partly 
closed. 

АП drain valves on the main steam pipe and the separator 
are opened to keep the water, which is carried over by the 
steam, as far from the engine as possible. Superheaters are 
turned on full, as they materially help to evaporate the water 
lifted by the steam. 

The water gauges and the test cocks are blown ПЕЋ 
frequently to keep the openings clear and free from scum. 


666. What are the usual causes of boiler explosions ? 

Boiler explosions may result from an extra large strain on 
the boiler material, or from a weakening of the material itself, 
which will give way under the normal strain. 


667. How may an extra strain upon the boiler material 
occur ? 

An extra strain upon the boiler material may occur by shock 
from the outside. Any work like caulking or chipping is care- 
fully avoided, as it puts an extra strain upon the boiler material 
at that place, and may lead to rupture. Another reason for 
too much strain may be too high a steam pressure, which might 
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_ result from the sticking of the safety valves. a sudden stopping 


. of the engine, or when lively evaporation furnishes large quan- 
E ere . . . 
tities of steam, while none is withdrawn or can escape. 


| 668. How can weakening of the material occur ? 


Weakening of the material, and consequent danger of ex- 
. plosion, may occur by corrosion and wear, as produced by in- 
| sufficient care in preservation, or by age and long usage. То 
. determine such weakening, careful inspection of all the parts 
‘of the boiler should be made at the time of cleaning and over- 
hauling in port,-and a reduction of the working pressure de- 
cided upon by the officers of the steamboat inspection service, 
according to the extent of such weakening. 

А temporary weakening of the boiler material takes place 
when overheated. This is the most probable and frequent 

` cause of boiler explosions, against which constant vigilance is 

exercised during the active operation of the boiler. Particu- 
larly from two directions is the danger imminent, the first being 
from low water and the second from excessive scale. With 
low water the upper parts of the heating surface lose touch 
with the water, which alone isable to absorb large quantities of 
heat in such rapidity as to keep the metal at practically an 

equal temperature. On losing the cooling influence of the 
water, the temperature of the metal walls may rise to a point 

-at which the strength of the metal is so much reduced as to 
cause the sheet to bulge and burst. 

A weakening of the material is liable to take place also upon 
formation of excessive scale. Scale is not nearly so good a 
conductor of heat as the metal, and a thick layer of scale will 
retard the heat delivery of the material to such an extent that 

it becomes seriously overheated. This may lead to gradual 
bulging, or upon the cracking-off of the scale, a rush of water 
to the excessively hot metal may result ina very sudden steam 
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formation and a giving-way of the material under the increased 
and suddenly applied strain. 


669. How is the boiler handled when the engine must be 
stopped for a short time ? 

If possible, a careful engineer will always send previous no- 
tice to the fireroom of his intention to stop the engine. Тһе 
fires are allowed to burn down somewhat ; the ash-pit doors are 
closed, and cleaning of the fire and sweeping of the tubes 
are then conveniently performed. The surplus steam is blown 
off through the safety valves, or discharged into the condenser 
by the bleeder, which saves all the steam for feed-water pur- 
poses. 

The feed pump is kept moving and the surplus is blown off 
by the surface, or bottom blow, at such rate as the condition of 
the water shows to be desirable. 


670. What is banking of the fire ? 

Banking of the fire is the drawing together of all the burn- 
ing coal upon the forward part of the grate and the dead plate. 
It is practiced when the stopping of the engine is to continue 
for an extended period, checking rapid generation, while, at the 
same time, keeping the boiler under sufficient steam for a quick 
start. The steam is thus kept high enough, also, for effective 
operation of the donkey, or feed pump. 


671. What is done when it is necessary to stop steaming 
operations in the boiler 2 

When it is necessary to suspend steaming operations in the 
boiler for cleaning and overhauling, the stop valves are closed 
and the safety valves, or bleeder valves, are opened, to get rid 
of the steam, while the fires are allowed to burn out, or are 
drawn and extinguished by water. Care is taken not to draw 
the fires until the steam pressure is low, and, also, to keep the 
water well above the heating surface. The doors of the fur- 
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naces and ash-pits are kept closed, after the drawing of the 
‘fires, to prevent unequal cooling and contraction as much as 


possible. 


672. What points require attention in the engine room 
after the engine has started on the voyage ? 


The points that require the attention of the engineer are 
principally the lubrication and permanency of safe and eco- 
nomical conditions in the working of the engine. 


673. What attention is given to the lubrication ? 


Lubricating material is provided in such quantities, and with 
such regularity, that all bearing surfaces remain cool and 
smooth, with a supporting film of oil between them. 

The oil cups are filled at regular intervals, and care is taken 
that the normal amount has been consumed, as well as that 
the bearing has received it. The wicks may be lifted from 
time to time for a moment, to see that they are free from 
impurities or the drops in the sight feeds are counted. If the 
oil should not be of the usual quality, the supply may be profit- 
ably increased by adding a wick to each tube, or by opening 
the needle valve by a part of a turn. Many engineers prefer 
to give a rather excessive lubrication, at first, gradually reduc- 
ing it to the minimum requirement, as determined by ex- 
perience. 

'The piston rods and valve stems should be swabbed with oil 
at frequent intervals, at the start, to secure efficient lubrication 
in their stuffing-boxes. 

The quality of the oil, and the need of more or less lubri- 
cation, can often be found from the revolutions of the engine, 
which may show an increase, or decrease, by one or more 
turns above or below the normal number. 

The temperature of bearings is one of the best indications 
of their condition. 


|| 
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Oilers learn by experience to determine quite closely the | 
temperature of even the moving parts by the touch of the 
hand, when they examine every bearing at regular intervals. 

The noises about a moving engine also prove an effective 
help in judging of the performance of the bearing surfaces. 
A heavy pound may indicate too much slack, and consequent 
liability to heat under the reversal of impact. 

Other helps are gained by the sense of smell, which can de- 
tect bad odor from burnt animal or vegetable oils; or by the 
sense ОГ sight, if, in severe cases of heating, the anti-friction 
metal of the bearing should melt and run out. 


674. What other points receive the attention of the engi- 
пеег 2 

The observation by the engineer is extended to all parts of 
the engine and the auxiliaries, to see that every nut and bolt 
remains securely in its place. 

He should be prepared to locate any unusual noise and its 
cause, as well as to apply a remedy for the trouble. * Тһе 
movements of the crank shaft are observed and a lookout is 
kept upon the clearances between the bearing brasses and the 
crank web. If the webs should bear upon the brasses end- 
wise, a fault in the adjustment of the thrust bearing or its 
horseshoe collars would be indicated. The swing of the con- 
necting rods, or of the eccentric rods and links, should be in 
the right plane without any side movements that might speedily 
produce heating and excessive wear. 

The thrust-bearing collars should all bear uniformly, any 
irregularity being detected by the heating of one or more collars 
and by the comparative coolness of others. 


675. What attention is given to the tightness of flanges 
and stuffing-boxes 2 


The flanges and stuffing-boxes are kept well tightened down, 
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in order to prevent loss of steam or access of air to those 
i parts in connection with the condenser. 

Even small leaks should be avoided, as steam lost in this way 
cannot be recovered, and many small leaks may mean quite a 
large total. Small leaks have a very annoying fashion of 
growing rapidly larger, to an ultimate blowing-out of the 
packing. 

There is no difficulty experienced in keeping the stuffing- 
-boxes tight, provided there is sufficient depth. Flanges must 
be heavy and stiff, fitted with a large number of well-fitting, 
strong bolts, in which case there will be little danger of leak- 
age on any of the stationary parts. 


676. How do engineers determine that the engine performs 
its work with good economy ? 


The economy of the engine's performance is determined 
from the indicator diagrams and from the amount of feed 
о 
water that must be supplied to the boiler, for furnishing the 
quantity of steam needed for the continuous, regular operation 
of the main engine and its auxiliaries. 


677. Why is it desirable to know the amount of the feed 
water, as well as the indicator diagram 2 


The amount of feed water tells the total quantity of the 
‘steam generated by the boiler, while the indicator diagram shows 
only that part of the steam which actually exerts pressure upon 
the piston. The amount lost by initial condensation and leak- 
age, through valve, piston, safety valves, stuffing-boxes and 
joints, is not learned from the cards. 

However, by comparing the amount of feed water with the 
amount of steam shown by the diagram, а percentage of 
efficiency of the engine аз а steam-user may be found. 

The engineer can, therefore, discover whether the engine is 
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wasteful or economical by noting the percentage of unused 
steam. 


\ 


Ета. 150.—One Type of Steam Indicator. The Thompson indicator, showing paper drum 
against which bears the pencil point carried on the lever attached to the piston rod 
of the small cylinder; also spring-controlled cord for rotating the drum from a гедис- 
ing lever on the engine cross-head. 


678. What are indicator cards, or diagrams ? 


Indicator cards, or diagrams, are records of the pressures at 
every point of the stroke of the piston. These pressures are 
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indicated with reference to the atmospheric pressure and may 
be either above or below the same. 


679. How is the indicator constructed and arranged ? 

The indicator is the apparatus by which the indicator cards 
are obtained. 

As shown by Fig. 150, it consists essentially of a little steam 

cylinder, whose nicely-fitting piston is actuated by the pressure 
of the steam from below, or by the pressure of the atmosphere 
and of a graduated spring from above. The piston is firmly 
connected to a small piston rod, which is jointed to the swing- 
ing pencil bar. The end of this bar carries a pencil, which, 
upon the raising or lowering of the piston, will describe a ver- 
tical line upon the circumference of the revolving cylinder, or : 
drum, carrying the card. Ву cord connection and a spiral 
spring, this drum isrevolved back and forth over an arc less 
than a complete revolution, coinciding with the stroke of the 
piston in end and intermediate positions. The cord pulls 
the drum out, tightening the spiral spring, which, upon release 
by the cord, exerts itstension to return the drum to its original 
position. 

To adapt the long stroke of the engine piston to the short 
arc of the drum, a reducing gear is fitted, one form of which 
is shown in Fig. 153. This reducing gear is generally a straight 
or bell crank lever, the long arm of which is driven by the cross- 

‚ head, while the short arm, or small sheave, is connected with a 
cord to the indicator drum. Another form of reducing gear 
consists of a double pulley, a large one with cord connection to 
the cross-head, and a small one carrying the cord which moves 
the paper drum. The two pulleys are firmly connected for 
simultaneous action, and are rotated in one direction by a spiral 
spring, which is coiled up and placed in tension when the cross- 
head cord turns the pulley the other way. 

То make theuse of the indicator convenient, it is screwed 
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into the permanent socket of a pipe extending to both ends of 
the cylinder, and with either one of which it can be connected 
or disconnected by a three-way cock. 

This pipe connection is permanently fitted on each engine 
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Ела. 151.—Sectional Diagram of the Thompson Indicator. А is the swinging bar; B, the 
pencil bar; C, frame of indicator; D, cylinder containing tension spring; E, coiled 
spring on drum holder; F, revolving cylinder or drum; G, drum pin; H and Z, thumb 
screws holding drum; I, nut to connect indicator to pipe: K, lever for serewing пр I; 
M and М (Fig. 152), connections between the spring cylinder and pipe; О (Fig. 152), 
specially small piston; P, piston rod; В. joint; S, pin; T, post for guide of pencil bar; 
V, guide pulley for cord from reducing lever; W, swivel sleeve for cord; X, swivel 
pin; Y, support for swivel pin. 


_ is pushed up by an excess of steam press- 
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cylinder in such a position that an easy lead of the cord from 


| the reducing gear to the drum is obtained. 


680. How are the indicator cards obtained 2 


The indicator cards are obtained by the rising or falling of 
the pencil, pressed against a sheet of paper on the circumfer- 
ence of the revolving drum. 

The pencil will rise or fall, as the piston 


ure, or as it is forced down by the press. 
ure of the atmosphere and of the spring. 
If through a small three-way cock the 
atmosphere is admitted to the space be- 
low the indicator piston, it will assume a 
position where the spring is practically 
without tension and where balance is 
established between the atmospheric 
pressure above and below. И the drum 
revolves in this condition, the pencil will 
neither rise nor fall, but will describe a 
straight line, called the atmospheric line, 
on the paper of the drum. This line is of 
the greatest importance for the value of 
the indicator diagram, as it is the ref- MONT 
erence line that shows how high, or how o ind E End for 
~ В Indicator, shown in Fig. 
low, the steam pressure in the engine cyl- 151. lis ete 
inder rises or falls, above or below the 
the atmospheric pressure. By the varying pressures, high in 
one stroke and low in the return stroke, the pencil will 
describe the figure of the normal indicator diagram, which 
shows, more or less accurately, the four periods of the 
steam distribution—admission, expansion, exhaust and com- 
pression. 
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681. How are the indicator cards taken ? 


For the taking of cards, the indicator is first fitted with a 
spring that will result in а diagram about 2 to 21 inches high. 
Too strong a spring will result in too shallow a diagram, 
which would not allow the difference in pressure to be meas- 
ured accurately. 

Too weak a spring may result in a complete closing of the 


£ 
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Fic. 153.—One Form of Reducing Lever for an Indicator Attachment, A is attachment of 
the cord (Fig. 151) ; B, end of cord ; C, pivot of reducing lever; D, swinging joint of 
reducing lever; E, point of attachment to cross-head for vue link joining reducing 
lever at D. The indicator is shown at top of cylinder, conr.ected by a three-way cock 
to pipes from both ends of piston. 


coils and no pressure indication. Тһе momentum of the pis- 
ton, also, is, with weak springs, often too pronounced, resulting 
in incorrect or indistinct outlines in the diagram. Particularly 
with a high number of revolutions, it is better to have too strong 
a spring than one too weak. 

The indicator is screwed into the socket in such position 
that the point where the cord leaves the guiding pulley 
will be exactly above the point where it is attached to the re- 
ducing gear. The cord must be adjusted to the right length 
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to prevent the revolving drum from striking the stops at either 
end. 

A little slide is often fitted, therefore, to allow a loop in the 
cord to be made longer or shorter, until the drum is revolved 
centrally between the stops. 

The cord is in two pieces, one shorter piece coiling around 
the groove of the drum with a hook in the end, while the longer 
one, connecting to the reducing gear, bearsthe adjustableloop 
on the end into which the hook catches. 

The card is fitted on the drum by bending it in form of a 
loop, hooking each end under the nearest vertical clip and push- 


Fig. 154.—Three-way Cock for Connecting Indicator to both ends, or one end only, of the 
steam cylinder, as desired. 


.ing it down on the drum. By drawing tight and folding the 
ends down sharply over the clips, the card is smoothly stretched 
over the barrel, so ав (о revolve with it. The drum cord is now 
' connected by the hook to the cord from the reducing 
gear, and the card is ready for the reception of the dia- 
gram. 

То obtain as true a record as possible, the pipe connections 
are all blown free from dirt, obstructions and condensed water 
with the help of the cock next to the indicator. 

The working barrel and piston is well warmed up, during 
several strokes of the engine, before the pencil is gently pushed 
against the paper for the desired record. 
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With the usual three-way cock, the record from one end of the 
cylinder can quickly follow the record from the other end, di- 
rectly after which the atmospheric line is drawn by opening the 
indicator cock to the air. This latter operation should never 
be forgotten and is better done after the cards are taken for 
the reason that the accuracy of the diagrams will be the 
highest when all of them are taken at practically the same 
temperature. 


682. How is the indicator prepared for the production of 
satisfactory cards? 


For satisfactory records, the indicator must be in the very 
best working condition. 
All joints should work easily, but without loss of motion. 


Fic. 155.—Indicator Spring, arranged for fitting into indicator cylinder. 


They are best oiled before use with a fine non-gumming oil, the 
best neat's foot oil frequently being employed. The piston. 
should fit tightly in the barrel without sticking. А good test 
is to close the bottom inlet with one finger and draw upthe pis- 
ton, thus creatinga partial vacuum under it. 

If upon releasing it goes back quickly and smartly, without 
sticking, good tightness without excessive friction is shown 
thereby. 


683. Whatfacts must be noted in connection with the indi- 
cator diagrams ? 
The data needed for a complete interpretation of the indi- 
cator diagrams are : 
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(1.) Size, name and end of cylinder to which each card 
| belongs. 

(2.) The scale of the spring that has been used. 

(3.) The number of revolutions per minute. 

(4.) The pressure from the steam and receiver gauges and 

the vacuum. 

(5.) Degree of opening of throttle. 

(6.) Time, date, cut-off of cylinder and other details, as de- 
. sired. 


684. What information can be obtained from the indicator 
diagram 2 


The information obtained from the indicator diagram is: 


(1.) The mean effective pressure (M. E. P.) per square inch, 
which is used for determination of the indicated horse-power 
developed inthe corresponding cylinder. If the mean effect- 
ive pressure per square inch is multiplied by the area of the 
piston, the total pressure on the piston is obtained. 

If this total pressure is multiplied by the piston speed per 
minute, as already described, the result is the power devel- 
oped in one minute and expressed in foot pounds. To ex- 

_ press this in terms of horse-power, it must be divided by 33,000, 
which is the equivalent in foot pounds per minute to one horse- 
power. ] 

(2.) The time and extent of each period of steam distribu- 
tion and the rapidity of opening or closing the ports for the 
commencement or end of these periods. 

(3. The highest steam pressure during admission and the 
lowest during exhaust. 

(4) The uniformity of pressure during admission and ex- 
haust, and the regularity of variation of the pressure during 
expansion and compression. 
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685. How is the mean effective pressure found from the 
indicator diagram ? 

The mean effective pressure is found from the indicator 
diagram by dividing the length of the diagram, which repre- 
sents the stroke, into an equal number of parts, each small 
enough to allow its mean ordinate, or pressure, to be used as rep- 
resenting the whole part. By adding the mean ordinates of 


Ета. 156.—Ideal Indicator bi Sed an ie ар of estimating by ordinates. 
these parts together and dividing the sum by the number of 
parts, a mean ordinate, or pressure, is found for the whole dia- 
gram, which is used for the determination of the horse-power. 
One method frequently employed for measuring indicator 
diagrams is as follows: 

On Fig. 156, which represents the card to be figured up, first, 
two lines are drawn, touching the diagrams at the ends and 
standing square on the atmospheric line. Оп a slanting line, 
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starting at the intersection, A, of the atmospheric line and 
the vertical line, a scale is constructed that helps to find the 
desired ten subdivisions on the length of the diagram, and on 
which the mean height of each tenth is to be measured. 

The scale on the slanting line, starting from the point of 
intersection, A, may be made by setting off, first, + inch, then, 
nine times, $ inch, and, finally, again + inch, thus making the 
whole scale five inches long. The end point, В, of this scale is 
connected by a straight line with the intersection, C, of the 
atmospheric line, and the second vertical line and lines parallel 
to BC are drawn through all the other ten points of the scale, 
until they intersect with the atmosphericline. After drawing 
vertical lines through all these intersecting points, the ten mean 
ordinates, or pressures, can be measured, each individually, or 
in a convenient way, as a sum total, by taking the mean ordi- 
nates off continuously upon а strip of paper. If this sum total 
is divided by ten the mean for the whole diagram is found. 

Another method is to use a planimeter for finding the total 
area of the figure in square inches. If this area is divided by 
the length of the diagram in inches, the mean height in inches 
is obtained, which is equivalent to pressure, read in the scale 
of the spring. 


686. How is the time and extent of the periods of steam 
distribution shown in the indicator diagram ? 

The time and extent of the periods of steam distribution is 
marked most clearly on the theoretical indicator diagram, 
Fig. 156, to which the real diagram should conform as closely as 
possible. Аз seen in this diagram, the steam must have al- 
ready attained its full pressure when the piston commences its 
stroke. The line of admission pressure remains, as nearly as 
possible, straight and parallel to the atmospheric line, until the 
point of cut-off is reached, when the line gradually falls in the 
form of a smooth, fair curve. 


| 
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Shortly before the end of the stroke a new turn occurs, which 
brings the line quickly down to the exhaust, at about the end 


of the stroke. | 
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Fra, 157. —Сатав from the Three Cylinders of a Triple-expansion Steam Engine, giving 
data relating to horse-power, mean effective pressure, spring tension of indicator, ete, 
Ais the « ard from the high-pressure cylinder, B, from the intermediate pressure | 
C, frorn the low-pressure, 


The exhaust line remains straight and parallel to the atmos- 
рһегіс line until the closing of the port for compression. At 
this point the line turns upward in the form of a smooth curve 


^ 
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Fie. 158.—Series of Indicator Cards, taken from the engines of the lake steamer “ City 
of Erie," during а race with the steamer “ Tashmoo, ^ showing variations in pressure, 
indieated horse-power, revolutions per minute, etc. 
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until the lead opens the port to the admission pressure by a 
quick rise to the full height at the commencement of the new 
stroke. This lead, as well as the advance opening to the ex- 
haust after expansion, need be, and should be, no more than 
sufficient to secure and maintain uniformity of admission and 
exhaust pressure upon the piston. 


687. How is the rapidity of the opening and closing of the 
ports shown in the indicator diagram ? 

The rapidity of the opening and closing of the ports is 
shown in the diagram by sharp corners for quick opening with 
little wire-drawing, while round corners indicate slow opening 
with considerable wire-drawing. 


688. What is indicated by the highest point in the admis- 
sion pressure line and by the lowest point in the 
exhaust pressure line ? 

By measuring on the scale of the spring the highest admis- 
sion pressure it is possible to obtain, by comparison with the 
gauge pressure, the drop through condensation, or loss of 
pressure, by contraction of ports or pipes. By comparing 
the lowest pressure of the exhaust line with the vacuum, an 
idea may be formed of the condition of the exhaust ports and 


pipes as to whether they allow a free and unobstructed ex- 


haust. 


689. What is indicated by straight admission and exhaust 
lines? | 

If the admission and exhaust lines are straight and parallel 
to the atmospheric line, sufficiently large ports are indicated 
through which the steam can pass without throttling or wire- 
drawing. Another conclusion to be drawn from such straight 
lines is that the piston and the valve are tight enough to pre- 
vent effectively all interchange of the admission and exhaust 
steam. 
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А straight admission line also indicates dry steam, and little | 


or no condensation, during the movement of the piston. | 
| 


690. How is regularity of variation of the pressure during | 
expansion and compression indicated in the dia- 
gram 2 $ 

The variation of pressure during expansion and compression | 
is shown to be regular and effective by the form of the curve 
in Fig. 159, which falls, with gradually decreasing rapidity, for 
the expansion, while rising, with gradually increasing rapidity, 
for the compression, until the curves come to the point of 
advance opening of the port. 

From this point the expansion line falls to the exhaust, 
while the compression line rises to the admission, both with 
increasing rapidity. 

691. What irregularities of the steam distribution are fre- 
quently observed through indicator diagrams ? 

The irregularities of the steam distribution, frequently ob- 
served through indicator diagrams, may extend to top and 
bottom cards, or may be observed only in one card. How 
much power may be lost by such irregularities is shown by the 
shaded parts of the diagrams on Fig. 159. 

Engines of the vertical screw type with valve gear, which 
influences admission and exhaust from one eccentric, show the 
irregularities generally also in these two directions ; while beam 
engine valve gears, with independent operation of the steam 
and exhaust valves, will show the irregularities more locally. 


692. What irregularities of the admission are observed ? 
The irregularities of the admission may be: 
(1.) Lead is too early or too late. 
(2.) Admission is too short or too long. 
(3.) Admission line is falling rapidly before cut-off. 
(4.) Admission line is rising and falling irregularly. 
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693. What is indicated by a faulty lead ? 


If too early a lead occurs in top and bottom card, it indi- 

cates too large an angle of advance of the eccentric ; in the 
same manner too late a lead, or none at all, in both cards indi- 

- cates too small an angle of advance of the eccentric. If an 
early lead on one end is combined with a late lead, or none at 
‘all, on the other end, generally the valve stem is either too 
short or too long, and the valve will have to be raised or 
lowered. 

The lead may also be affected by the size of the steam lap. 
Too small a steam lap will produce a large or early lead, while 
too large a steam lap may produce a small or late lead. 

It should be remembered that the lap and the angular ad- 
vance both are responsible for the lead and the same measure- 
ments taken for valve-setting are best consulted, in addition to 
the diagram, for the final decision on the alterations intended 
to produce a satisfactory steam distribution. 


694. What is indicated by a faulty length of the admission 
line 2 
A faulty length of the admission line is due to a faulty angu- 
lar advance of the eccentric, if occurring in both cards simul- 
taneously, while it is due to faulty length of the valve stem, if 
one card shows a perceptibly longer admission line than the 
other. 


695. What is indicated by a rapid falling of the admission 
line before cut-off ? 


A rapid falling of the admission line may result from con- 
densation of the steam as soon as it enters the cylinder. This 
takes place, to some extent, in all cylinders, but is much more 
pronounced when the lagging of the cylinder is insufficient, or 
when the range of expansion, or range of temperatures, is very 
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large, as is often seen in the high-pressure cylinder of multiple- 
expansion engines, working with high boiler pressure. 

Another reason for the falling of the admission line may be 
too small an area of the ports or of the steam-pipe. Тһе steam 
cannot follow the piston quickly enough, with a consequent 
reduction of the pressure in the cylinder. Sometimes the 
ports are not opened sufficiently by the valve, and this occurs 
mainly in cases where the steam laps are too large, in propor- 
tion to the stroke of the valve. 

A leaky piston may be the cause of a pronounced fall in the 
admission pressure, and a consequent increase in the exhaust 
pressure of the other card, if the leakage is very pronounced. 


696. What is indicated by an irregular rising and falling of 
the admission line 2 

An irregular quick rising and falling indicates jerky mo- 
tions of the indicator piston, due to a spring that is not suited 
to the pressure, to sticking of the piston, or to water in the indi- 
cator pipes. The remedy would be to fit another spring, to 
take out the piston of the indicator for cleaning and oiling, and 
to blow out the pipe connections thoroughly. 

With multiple-cylinder engines it is practically impossible 
to get straight admission and exhaust lines for the interme- 
diate and low-pressure cylinders, as the limited capacity of the 
receivers will produce considerable fluctuation in the pressures. 


697. What irregularities are observed in the expansion 
line 2 
The irregularities of the expansion may be: 
(1.) Cut-off is too early or too late. 
(2.) Exhaust lead is too early or too late. 
(3.) Curve is of faulty form. 


698. What is indicated by a faulty cut-off 2 
A faulty cut-off may be too late or too early, and due to 
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Fig. 160,—Sample Indicator Cards, showing variations of contour due to the several 
faulty operations indicated by the lettering. 
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too small or too large a steam lap, aside from the influence that 
may be exercised by the angular advance of the eccentric. 

If the steam lap is too small, a late cut-off will take place, | 
while with a steam lap that is too large an early cut-off will 
occur. 

699. What is indicated by a faulty exhaust lead 2 

The exhaust lead may be too early, and thus allow the 
pressure to drop to the exhaust line before the piston has come 
to the end of its stroke. If it is too late, the steam cannot get 
out and a back pressure and loss of power will be the result. 


700. What is indicated by a curve that is of faulty form P 

A curve of faulty form may indicate leakage through the 
valve, when the curve does not fall quickly enough after cut- · 
off, but rather remains near, or returns to the admission press- 
ure. The card indicates, thus, an excessive steam consump- 
tion and small economy. 


701. What irregularities are observed in the exhaust line 2 
Aside from those due to undesirable exhaust lead the ir- 
regularities of the exhaust line frequently shown аге : 
(1.) Falling and rising of the line. 
(2.) Too early or too late a compression. 


702. What is indicated by falling and rising of the exhaust 
line 2 

Falling and rising of the exhaust line may be due to either 
of two causes: 

(1.) The exhaust ports or pipes may be contracted, so as 
not to allow the steam to pass out as rapidly as it is displaced 
by the piston at its greatest velocity, thus creating a certain 
back pressure toward the middle of the stroke. 

(2.) The other reason may be that either the piston or the 
valve leaks, allowing live steam to enter, and thereby raise the 
pressure. 
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The quick, jerky movements of the indicator piston, as may 
occur in the admission line, are rarely seen in the exhaust line, 
as the probability of the influence of water is remote, and the 
downward stroke of the indicator piston issmall, therefore not 
producing much momentum. 


703. What is indicated by too early or too late a compres- 
sion ? 

Too early a compression indicates too large a lap, due to a 
wrong length of valve stem, if the card from the other end 
shows too smalla compression. It may also indicate too large 
an angular advance of the eccentric, if both cards show the 
same irregularity, and, in either case, it is associated with a 
large lead. 

Lap and angular advance together may also contribute to the 
same result, and the measurements of valve-setting will most 
clearly indicate where the fault lies. Too late a compression 
is due to too small a lap, to too small an angular advance, 
or to both. 


704. What irregularities may be observed in the compres- 
sion line ? 

A normal compression line, being generally short, shows any 
irregularity probably only in the case of leakage, due either to 
imperfect fit of the piston or the valve. With slide valves, a 
jumping from the seat may occur, due to excessive compres- 
sion, poorly balanced valve surface, orto weak holding-down 
springs. 

705. At what other places can the indicator be applied ? 

The indicator can be applied with advantage to the 

(1.) Main steam pipe. 

(2.) Valve chests or receivers. 

(3) Exhaust pipe or condenser. 

(4.) Air pump, feed pump and other pumps. 
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706. What information is gained by an indicator diagram 


from the main steam pipe, valve chests or receivers? | 
Diagrams from the main steam pipe and the valve chests | 
show whether or not contraction of the passages leads to throt- | 


tling of the steam, while those from the receivers show the 
fluctuations of the steam pressure. 


707. What information is gained by adiagram from the ex- 
haust pipe or from the condenser ? 
Diagrams from the exhaust pipe or condenser show, by com- 
parison with the exhaust line, from the cylinder diagram, 
whether or not any back pressure results from contraction of 


ATMOSPHERIC LINE 
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Fic. 161.—Indicator Diagram from the Air Pump, showing drop in pressure below the 
atmospheric line during operation of the pump. 

the passage ; thus establishing the causes for any irregularities 

in the exhaust line more clearly. 


708. What information is gained by diagrams from air, 
feed or other pumps ? 

Diagrams from the water cylinders of air, feed, bilge and 
other pumps show clearly how the automatic valves act; when 
they close; if they remain tight during the stroke; when they 
reverse, and how quickly the change from discharge to suction 
pressure takes place. They are highly instructive, also, as 
showing how а smooth and uniform working can be produced 
by well-placed air vessels, and how the admission of air by pet 
cocks affects the pressure exercised by the pump piston. 


| 
| 
| 
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The tightness of the piston stuffing-boxes and internal and 
external joints is subjected to a searching criticism by an indi- 
cator diagram. If diagrams from steam and pump cylinders 
of the same pump are taken, an idea may be formed of how 
much power is consumed by the friction of the pump. 

Diagrams from the suction and discharge pipes indicate the 
fluctuations in the pressure, and can be made of use in locat- 
ing water-hammer, as wellas in suggesting its remedy, in the 
form of judiciously-placed air vessels. 


709. How is the indicator connected when used for taking 
diagrams from pipes or pumps ? 


The indicator, when used for taking diagrams from pipes, 
derives the motion for its paper drum from the cross-head or 
piston rod of the cylinder, to or from which the pipe leads. 
For pumps, the respective piston rod or cross-head moves the 
drum. 

For all water connections, the indicator should be attached 
horizontally, to prevent all air from getting under the indica- 
tor piston. The air would provide an elastic cushion, which 
would prevent clear indications of the fluctuations of the press- 
ure or water-hammer. Аз the water strikes the piston, often 
quite hard, a rather stiff spring is generally chosen to make sure 
that the coils of the spring are never totally closed through the 
impact upon the indicator piston. 


710. How is it possible to learn the amount of feed water 
used by the engine ? 


The amount of feed water that goes into the boiler may be 
measured by a water meter, or the pump may draw its supply 
from a graduated tank. 

Water meters, while not absolutely correct, need not vary in 
accuracy more than from 1 to 3 per cent., and, if checked by 
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graduated tanks, can furnish the engineer with fairly ас 
curate information as to how much water is evaporated by | 
the boiler. 

Tanks provide a very good means of ascertaining the feed- 
water supply, if fitted with water gauges and indicating marks 
at different heights, between which the capacity of the tank is 
known. The readings in the middle parts of the tanks are 
more nearly correct, where the area of the water surface is large 
and uniform. 

There is less uniformity at the top and bottom, and hence 
more difficulty in the observation of the variation in the water 
level. Where there are several tanks, it is generally quite con- 
venient to draw from a particular tank for a certain length of 
time, and thus get an indication of how much water is 
supplied, with everything as near to theaverage working condi- 
tion as possible. 

It is necessary to make absolutely sure that all the water 
drawn off by the pump is forced into the boiler, and does not 
escape through leaks or other outlets. 

If the number and average length of strokes of the feed 
pump are determined for the same time, a factor of efficiency 
can be found for it which tells how well the pump does its 
work. 


711. What other factor is it desirable to know at the same 
time ? 


Another factor that is desirable to know, outside of indica- 
tor cards and feed-water consumption, is the amount of coal 
consumed during a certain length of time. 

The coal may be weighed when it comes in buckets 
from the bunkers, or, for a rougher estimate, the bucketfuls 
may be counted, after determining the weight of an average 
bucket. 
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712. What conclusions can be drawn from the knowledge 
of these factors ? 

From the knowledge of the coal consumption and the water 
supply or steam evaporation, a conclusion can be drawn, as to 
how efficiently the boiler does its work of steam evaporation 
and whether it realizes such average evaporation as mentioned 


in Section 115. 


From the knowledge of the steam evaporation and the in- 
dicated horse-power in the main engine and all independent 
auxiliaries, a conclusion can be drawn as to how efficiently the 
engine has transformed the heat of the steam into work and if 
it realizes such average steam consumption per indicated horse- 


power as mentioned in Section 119. It is necessary that the 
evaporator should not be used during the time of test and that 


the safety valves and the whistle should not be operated. 


713. What information can be derived from taking tem- 
perature readings ? 
Taking the temperatures of steam and water in the different 
cylinders, pipes and vessels can indicate quite accurately how 
efficiently these fluids perform their duty. 


714. Where are such temperature readings most desir- 
able 2 

Readings of the temperature are most desirable, first, at the 
main steam pipe, the receivers, the exhaust pipe or the con- 
denser; further at the air-pump suction, at the inlet and the 
outlet of the condensing water into the water chests; at the 
suction of the feed pump, and if a feed heater is fitted, also 
at or near the check valve in the feed water delivery pipe. 


715. What information is gained from the reading of the 
thermometer at the steam pipes 2 
The temperature of the steam is intimately related to the 
pressure, as stated in Section 86. 
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It may be concluded that the steam, at its temperature of 
saturation, is inclined to precipitate considerable water, and ` 
lower its pressure, if only slightly cooled ; while it will retain 
its pressure and dryness well, if the temperature shows a cer- 
tain degree of superheating. 

Through the reading of the temperature, a rapid lowering | 
of the admission line in the indicator diagram can often be very | 
clearly explained. Atthe same time, better lagging may be 
indicated as a remedy for better retaining of the heat and 
lessening of the initial condensation. 


716. What information is gained by the reading of the 
thermometer at the condenser ? 


The temperature of the condenser may prove of value in 
finding the cause of an imperfect vacuum. If the temperature 
of the exhauststeamis high, a deficient supply of condensing 
water may be the cause of the lacking vacuum; while, if the 
temperatures of the exhaust steam and at the air-pump suction 
prove to be normal, air leaks will, in all probability, bethe cause 
of the trouble. 

The air pump, in each case, must be proved to be in good 
condition by indicator diagrams. 


717. What information is gained by the reading of the 
thermometer at the air-pump suction ? 


The temperature of the water at the air-pump suction may 
indicate an excess, or deficiency, in the amount of cooling 
water. 

The water in the bottom of the condenser should not fall below 
from 110 to 130 degrees Fahrenheit, as it is to be used for 
feed water, and should possess, for this purpose, as high a tem- 
perature as possible. The reason for too cool a feed water may, 
however, lie not only in an excess of cooling water, but also in 
the arrangement of the cooling surface. 


| 
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| The tubes should leave a certain space in the bottom of the 

condenser, where the water may collect between the strokes of 
the air pump and thus be free from the cooling influence of 
the tubes. 


718. What information may be derived from the reading of 
the thermometer at the inlet and outlet of the cool- 
ing water 2 


The reading of the thermometer at the inlet and outlet of 
the cooling water tells, by the difference, how much heat is 
abstracted from the steam by the cooling water. As it is not 
desirable to heat the cooling water above from 95 to 100 de- 
grees Fahrenheit, the water is kept in contact with the tubes 
until this temperature is reached. Cold water, therefore, 
should travel more slowly over the cooling surface than warm 
water. With an independent circulating pump, or with injec- 
tion condensers, the supply of condensing water may be ad- 
justed until that temperature at the outlet is realized which 
proves most efficient for the performance of the engine. 


719. What information is gained from the reading of the 
thermometer at the feed pipe ? 


The amount of additional heat that must be supplied to the 
water, for its conversion into steam, can be determined by the 
temperature of the feed water, as found at the hot well, or at 
the inlet to the suction pipe. If a feed heater is fitted, а read- 
ing of the temperature will tell how much additional heat has 
been imparted therein to the water, and will, thus, be available 
for steam generation in the boiler. 


720. What other means are employed by the engineer for 
indication of the efficient working of the machinery ? 


Pressure gauges are ready and rapid means for helping the 
engineer to inform himself about the working of the engine. 
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Ета. 162.—Indicator Cards from the Quadruple-expansion Engine of the Steamer ** Wilkes- 
Barre." In this test steam pressure is 200; air-pressure, 17; vacuum, 22; В. P. M., 
84.79. A is H. P. cylinder, 5-16; B, 1st intermediate, 441; C, 2d intermediate, 481; D, 


І. P., 623. Total 2,061. Ref. M. E. P., 36.8. 
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Gauges may often indicate trouble in the same manner as in- 
dicator cards and with much less labor. 

The receiver pressures, as told by the gauges, may indicate 
to an engineer familiar with the engine whether it is advisable 
to link up one or the other valve gear, for more uniform dis- 
tribution of the power between the cranks. 

The reading of the vacuum gauge may help in the work of 
adjusting independent air and circulating pumps to the lowest 
number of revolutions and the least steam consumption 
capable of producing the desired degree of vacuum. 

Pressure gauges that are connected with the water cylinders 
of the pumps may, by their fluctuations, give a fairly good idea 
of how the pump performs its work, if the suction is good, or 
if air leaks impair its power. 


721. How is observation of the engine’s operation carried 
out P 

The observation of the working of the engine is carried out 
in a systematic manner by visiting and inspecting at regular in- 
tervals all the working parts; by oiling the bearings; by read- 
ing the gauges, revolution counters, thermometers and the 
water meter; by taking indicator cards; by checking the coal 
and entering the record at stated times in the log book, a sam- 
ple page of which isshown on page 494. 

The log book furnishes in its record a history of the per- 
formance of the engine, from which, in comparison with 
former performances, a clear judgment of the last one may be 
gained. 

A careful engineer will never neglect to establish and con- 
tinue such a record, which enables him to prove to himself, and 
` others, that the machinery plant under his charge is always in 
the safest and most profitable condition. A complete 
economy test of the freight steamer « Wilkes-Barre” is given 
on pages 493—495, showing the results in convenient form. 
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Fig. 163.—Method of Averaging a Diagram with one Type of Planimeter. The Pin, Q, is 
set іп the groove, І. Тһе card is held on the board between clamps С and А. The 
tracing point, O, is set at point, D, and the arm moved clockwise, the vernier and 
drum having been set at zero. The drum measures squares inches and tenth-inches, 
the vernier hundredth-inches, If, after the tracing point has circumscribed the dia- 
gram, the drum shows 2 inches and 6-tenths, and the vernier 4 beyond the last gradu- 
ation on the drum, the area of the diagram will be 2.64 inches. This result is then 
divided by the extreme length of the diagram, to give the average height, and the 
quotient multiplied by the number of the indicator spring used in making the сата, 
in order to find the М E. P. The last operation is performed because the size of the 
diagram, and the consequent area, vary, of course, as the tension of the spring used. 
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CHAPTER TWENTY-SIX—COMMON BREAKDOWNS AND REPAIRS. 


EHAPTIER TWENTY-SIX. 
BREAKDOWNS AND REPAIRS IN MARINE MACHINERY. 


722. What breakdowns are most likely to occur in the 
boiler 2 


The breakdowns most likely to occur in the boiler are cracks 
in the plates, bulges in the heating surfaces, split or leaky 


tubes, stay bolts or braces, and defective fittings. 
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A=THE CRACK 


B=THE PATCH Oe o 
IN PLACE о о = 
"THE PATCH 
Fic. 164.—Diagram showing a Convenient Method of Repairing a Cracked Tube Sheet. 
А patch, such as is shown at base of the cut, is shaped to fit neatly over the crack 


and between the tube ends. Aftersmearing both surfaces with red lead, it is secured 
in place by tap bolts. 


723. What remedies are applied to cracked plates? 


Cracks in the boiler material may be shown to be due to 
original defects of the material, to faulty methods in the manu- 


facture or to excessive local strains. They may show around 
421 
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rivet holes, at flanged corners or between tube openings, 
although these accidents are seldom found in modern boilers. 

If the leakage from the cracks is large, the boiler must be 
placed out of service, blown down and cooled until it is possi- 
ble to enter and make repairs. If possible the cracks should 
be drilled off at the ends by small holes, which will prevent 
further extension, and patches put over them, either on the inside 
or on the outside. If riveting and caulking of the patches is not 
practicable, bolting must be resorted to, for holding them down, 
The so-called boiler patch bolt, which screws through the 
plate against a conical head, proves much more efficient fora 
tight joint than a common bolt. The patches are put on with 
a good fit and the interstices completely filled with red lead, 
putty or iron-rust cement. 


724. What remedies are applied to bulges in the СЕ. 
surface 2 

If the bulges іп the heating surface аге not very large, and 
the surrounding stays or braces prove all sound and well fitted, 
no special remedy may be required, apart from careful and 
frequent inspection and measuring with templates. Where the 
bulges are large and the stay bolts, or braces, are torn out of 
the plate, or ruptured, staying must be resorted to. Such 
staying generally proves preferable to any attempts to force 
the surface back into its original form. The number of stay 
bolts is preferably increased with closer spacing in new posi- 
tions. 

A bulge may occasionally occur, in consequence of a rupture 
of one of the old large braces. In such a case it proves ad- 
vantageous to employ a heavy girder plate that takes the re- 
paired brace inthe centre, and a number of screw stay-bolts 
around its circumference. The stay bolts are conveniently 
tapped and riveted into the material, while a plug closes the 
old brace hole. The connection to the old shortened brace 
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may be effected by a cross-key behind the girder plate. This 
repair leaves the plate effectively exposed to the cooling cir- 
culation of the water. 

If the bulged plate is not in convenient reach from rigid 
parts of the boiler fcr stay-bolt connection, girders may ђе re- 
sorted to. The girders should extend well over the nearest 
rigid points of attachment, and support the plate by numerous 
carrying bolts. Good clearance under the girder will insure 
active circulation and avoid further over-heating. Bulged cir- 
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АЕЗОЕТ PINE PLUG, 


Fic. 165.—Sectional Diagram Showing an Easy Method of Repairing a Cracked Boiler 
Flue. A plug, shaped as at A,is pushed into the flue, until it reaches the point of 
leakage, where the escaping steam and water cause it to swell, thus stopping the leak. 


cular furnaces, if not altogether collapsed, can be put in such 
condition that they will safely carry a reduced steam pressure, 
by closely spaced circular rings of angle or bar iron, fitted in 
halves. When only one boiler is carried in the ship, it may be 
of the utmost importance to placeit in the position of generat- 
ing steam of, atleast, reduced pressure. 


725. What remedies are applied to split or leaky tubes, 
stay bolts or braces ? 


Split tubes are repaired by plugging. 
In fire-tube boilers, this is accomplished, in temporary form, 
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by a soft wooden' plug. which is driven into the tube until it 
covers the split, The water leaking through swells the plug, 
and by pressing tightly against the side of the tube, it then pre- | 
vents further escape of water. 

A more permanent form, employed where there is serious 
leakage, is the tube-stopper, containing two conical cast-iron 
plugs, fitted with metal packing in the tube ends, and drawn 
up tight by the nuts of a through bolt. 

In order to apply the tube-stopper, the fires must be drawn 
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B=WASHERS. 
C=RUBBER PLUGS. 
D=GAs PIPE, 
Е =1вом ROD 


Ела. 166.—Emergency Device for Stopping a Leaky Boiler Flue. An iron rod, E, having a 
thread at both ends is fitted with a nut, A. A washer, B, is then let on; then a rubber 
plug, C, another washer, B, and a length of gas pipe against the second washer. The 
opposite end of the rod, E, is similarly fitted, after which the act of serewing up the 
nuts causes the rubber plugs to bulge, filling the tube, 


and a man allowed to enter the combustion chamber to insert 
the plug. 

Another form of tube-stopper, which can be inserted en- 
tirely through the uptake doors (Fig. 166), consists of two heavy 
rubber washers between two pairs of plate discs. The two in- 
side discs are spaced and held apart by a piece of gas-pipe, 
while the outside ones can be drawn together by the nuts on a 
central bolt, thereby compressing and spreading the washers, 
until they bear tightly against the side of the tube and stop 
the leakáge. 

With water-tube boilers, the repair is more difficult, as the 
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‘fires must be drawn and the water blown down. It is also 
much more difficult to locate the split tube. 

Leakage around tube ends may be due to too much forcing 
of the draft and can often be remedied by checking the draft. 
If the tubes are loose, re-expanding is resorted to until tight, 

or at least until they show only small leakage. 

Leaky stay bolts and braces can often be cured by putting a 
‘srummet and plenty of putty under the nut. 
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Fic. 167.—Form of Rubber Tube Stopper, similar to that shown in Fig. 166. Неге а is the 
threaded епа of the iron rod, с; e, the nut ; 41, d?, d?, d4, washers; D and D, rubber 
discs; 2, the iron gas pipe; m, m, hollows ір the washers, open as at w and w. It will 
be noticed that the washer, d*, has a flange for stopping the fire end of the flue, thus 
preventing speedy destruction of the rubber disces. 


726. In what parts are defective fittings mostly found ? 
Aside from minor defects with water gauges, test cocks and 
steam gauges, manholes and furnace fittings, most defects in 
the fittings occur with the safety valves, check valves, steam 


stop valves and blow valves. 
727. What defects occur in safety valves, and how are they 
repaired ? 
The safety valve may be broken, which fact will be shown 
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by steam escaping through the escape pipe. Nothing can be 
done until it is all gone. In case the valve itself, or the spindle, 
is broken, sometimes a new valve can be built by fitting 
a disc of heavy plate into which a stem is riveted in the 
centre. 

If the spring gives out and no spare опе is on hand, it may 
be possible to fit a long lever, pressing on the spindle of the 
valve and load it at the end with sufficient weight to hold the 
normal pressure. Where room permits, lead discs may be 
cast and placed on the spindle and the valve thus loaded. 

In case the valve is jammed and does not blow off with a 
rapidly rising steam pressure, the valve may be given a sharp 
blow, which sometimes will start it. If this does not produce 
the desired relief, all steam outlets to auxiliaries and соп- 
denser must be turned on full, to work off the steam. Fire and 
uptake doors are better opened and the fires deadened with wet 
ashes, until well within the working pressure. 

The steam is better allowed to fall until it is possible to dis- 
mount the valve and refit it in efficient condition. 


728. What defects occur in the check valves and how are 
they repaired ? 

The defects in check valves are usually due to breaking ог 
jamming. Indications of defects are given by the absence of 
the click, generally quite noticeable in check valves, and 
by the valve becoming hot from the boiler water, at least 
in cases where the feed water is not heated before entering 
the boiler. 

With a broken valve, it will usually be necessary to turn on 
the auxiliary feed supply, close the cock or valve between 
boiler and check and replace the broken valve by a spare one, 
if on hand, or by such a makeshift as can best be built with 
the available resources. With a jammed valve, a smart tap 
with a hammer or tool sometimes jars the valve loose, other- 
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| wise it has to be taken out and refitted with more clearance of 
the wings, or by straightening the stem, or by removing the 
disturbing cause. 

Such repairs should be effected as soon as time allows, in 
order to have always two arrangements for feeding in good 
working condition. 


. 729. What defects occur in the steam stop valves, and how 
are they repaired ? 

The defects in steam stop valves occur most frequently in 
the valve, its seat, the spindle, the cover or the yoke of the 
valve. 

In serious fractures it will be necessary to cut off the affected 
boiler and relieve it of its steam by deadening and drawing 
the fires and working the steam off, until it is possible to open 
and repair the valve. If the steam escapes from it in large 
volumes, so that the Вге-гоот must be abandoned, the last 
thought should be to deaden the fire and prevent rising of the 
pressure, by opening the furnace doors and keeping the feed 
pump going, in order to prevent low water under the enforced 
lack of attendance. 

The repairs will extend to the replacing of the broken parts 
by spares, or emergency, parts. If the covers are broken, 
bolted patches of wrought-iron bar or plate, put on with 
cement or putty, must be resorted to. 


730. What accidents may occur to blow valves, and what 
are the remedies? 

The accidents to the blow valves may extend to the valve 
and its spindle, or to parts of the valve casing. 

Cocks are, comparatively speaking, simpler, and accidents 
to them occur generally to the casing, flanges or bolt connec- 
tions. Where only internal parts are broken and no water or 
steam escapes to the fire-room, it may be considered safe to 
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rely upon the outboard blow valves and their tightness, but the | 
greatest vigilance must be exercised to guard against any loss 
of water or steam by leakage. 

Injury to the outside casings, particularly the casing of the 
bottom blow valve, may result from heavy objects falling upon 
the valves; floor plates may work loose and knock against the | 
valve, under the movements of the ship. Many engineers 
prefer to have the bottom blow valve well above the fire-room 
floor, in plain sight and out of reach of possible injury. If the 
water or steam escapes in large volumes, nothing remains but 
to abandon the fire-room, but, if possible, the fire should first 
be drawn, the furnace doors opened and the feed put on with 
full force. 

The most imminent danger, with broken bottom blow valves, 
is the possibility that the rapidly falling water level will leave 
the heating surface exposed to overheating and consequent 
collapse. The attempt should be made, under all circum- 
stances, to get the fires out of the affected boiler before aban- 
doning it. 

The necessary repairs consist in patching the broken body 
or its flanges; drilling new bolt-holes, and fitting more and 
stronger bolts, if desirable. Sometimes a valve of about the 
same size can be taken from a less important place and substi- 
tuted for the broken one. 

If there is danger of recurrence of external impacts, safety 
guards or protecting brackets, or angle bars, may be fitted 
around the valve. 

If the breakage occurs in the valves on the shell of the ship, 
the opening is sometimes plugged and connection made to a 
neighboring sea valve. 


731. What breakdowns are most likely to occur in the 
engine and auxiliaries ? 


Breakdowns may occur in the stationary parts, as cylinder 
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б casings, liners, covers, columns, bed plates, individual bearings 
and stern tubes, condenser shells, auxiliary machinery, piping 
and fittings, which can-be repaired by patching with wrought- 
iron bars or plates. The defects may also appear in the тоу- 
ing parts, as piston, piston-rod, connecting-rod, any part of the 
valve gear, shafting, propeller or moving parts of the aux- 
iliaries, which sometimes can be patched, while in more serious 
` cases complete replacing by substitutes may be necessary. ` 


732 What defects are likely to occur in the cylinders and 
liners ? 

The cylinders and liners are most exposed to the danger of 
cracking by unequal expansion, or to injury by the loosening 
of some of the interior working parts. One mode of repair 
consists in drilling holes at each end of the crack, to prevent 
further extension; in riveting soft iron plugs into these holes, 
and in fitting patches over the crack with sufficient cement or 
putty to make a tight joint. It may be necessary to chip 
away ribs, flanges or bearing strips to secure a close fit of the 
patch on the casting. Where the thickness of the metal is 
suffcient for the purpose and no patch needed for strength, a 
dovetailed groove may be cut over the line of the crack, and a 
strip of copper or soft metal hammered into it, care being 
‚ taken to have the caulking metal on the side of the excess 
pressure, if possible. 

It is, fortunately, a rare occurrence to have any of the cyl- 
inder castings injured to such an extent as to be entirely 
beyond repair. 


733. What breakdowns are likely to occur in the cylinder 
covers ? 

The injuries to the cylinder covers result, in most cases, 

from condensed water, loose bolts, nuts or other small parts, 

accidentally dropped into the clearance space. The knocking- 
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out of the head may extend to the whole head or may show 
only in local cracks or holes. Particularly on the lower head, 
if it is part of the cylinder casting, a patch must be applied, 
which operation, however, is often very troublesome and labo- 
rious, especially if the fractures extend into the piston rod 
stuffing-box. The upper cylinder head or the heads of the 
piston valve chests are sometimes totally destroyed, in which 
cases emergency heads must be built from plates, angles or what- 
ever material is available. Repairs have been executed where 


flat plates, stiffened with angles and fitted with wooden chocks | 


for filling the excess of clearance spaces, have quite success- 
fully kept the cylinder in operation. 

With multiple-expansion engines, where the cutting-out of 
one cylinder does not necessarily cripple the engine, it is pos- 
sible to disconnect the piston of the affected cylinder, draw it 
up into the opening of the broken top head and fit a ring of 
soft packing around it, so as to make the opening steam tight. 
If the connecting rod and the valve are removed, and the 
cross-head, piston rod and piston are securely blocked, it is 
possible to operate the engine successfully, although it is re- 
duced from a compound to a single expansion or from a triple 
to a compound engine. 

The steam blows through the empty valve chest of the in- 
jured cylinder into the next cylinder, or into the condenser. It 
will always be advisable to reduce the pressure, partly to ease 
the packing of the improvised head, partly to avoid an extra 
amount of work for the remaining cylinders and pistons. 


734. What breakdowns are likely to occur on the columns 
and the bed plate 2 
Breakdowns and fractures of columns and bed plate seldom 
occur independently, but are usually the result of excessive 
strains by accidents to other parts of the engine. They will 
permit of patching, if not too extensive. Cases have occurred 
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where severe weakening of the columns has been supplemented 
and assisted by wooden struts, adjusted by wedges to take 
thrusting strains, while long, heavy, screwed bars and nuts 
have helped to sustain the tensile strains. In other cases 
parts of the bed plates have been held in place by wooden 
chock pieces, firmly wedged against bulkheads, floors or other 
structural members. 


735. What breakdowns frequently occur in the bearings ? 

'The bearings give trouble most frequently by becoming hot. 
This condition may result from insufficient lubrication, from 
hard foreign substances like sand, filings, emery or pieces of 
broken glass that get between the bearing surfaces, or from 
too much pressure upon either surface. In severe cases the 
anti-friction metal may melt out, or the shaft and the bearing 
metal may burn together. Tic remedies for this trouble 
should be applied at its first appearance. 

Easing the cap somewhat and liberally increasing the 
amount of lubricant, with the addition of a little sulphur or 
soapstone powder, will sometimes cure the trouble. For 
severe Cases, siowing down of the engine and cooling by a 
stream of water wil be necessary. Water cooling of a hot 
bearing is, however, not considered the most desirable remedy, 
as sudden contraction of the heated shaft or bearing may lead 
to cracks and flaws; at the same time the water keeps the oil 
Írom the bearing surface and obliges the engineer to keep the 
water on it continually. 

If the damage is severe, the engine must be stopped and the 
brass, if still in useful condition, be fitted with new Babbitt 
metal, while the shaft must be filed and again be brought to 
the best possible condition of smoothness and finish. Where 
the bearing is broken by seizing, a substitute may need to be 
fitted. 

If all bearing brasses, caps and stud bolts of the shafting are 
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made interchangeable, a great saving in spares can be ef- 
fected, and breakdowns often very rapidly remedied. Heavy 
logs of wood are sometimes bolted together for an emer- 
gency bearing, with a notch, smoothed and fitted to the shaft, 
while the regular cap, or another wooden block, is fitted on 
top. Particularly in the shaft alley, such makeshifts, thor- 
oughly secured, may do good service in the support of the 
shafting. 

The thrust bearing is the most intricate and delicate of all 
the bearings, requiring the best attention to avoid serious 
trouble. If the box itself is fractured or injured, patching 
will probably be the most efficient remedy. 

Often additional body-bound, holding-down bolts may dis- 
tribute the strain more effectively than before and ease the 
bearing. If the horseshoes are warped or broken, spare ones 
or substitutes must be fitted. 

Particularly in a rough sea, with occasional racing of the 
propeller, the full-bearing surface proves none too large, and 
broken horseshoes should be replaced as soon as conditions. 
permit. | 

Flat iron bars, notched at the ends to fit over the longitudinal 
bolts between the nuts, and bent over and across the shaft, 
have also been used to advantage. Riveted to each bar are: 
two pieces of plate, of the shape of the bearing surface. 
These are punched full of holes, and carry a thick, protruding, 
plug of Babbitt metal in each hole. | 

By filing, these plugs аге reduced to an even surface оп each) 
side, and at such distance from each other as to fit exactly 
between the collars of the thrust shaft. 


736. What breakdowns may occur in the stern tube ? 

Breakdowns in the stern tube occur generally from the 
grounding of the after part of the ship, through striking float- 
ing objects by the propeller, or by fractures of the propeller 
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‘shaft, or the propeller itself. In each case, little can be done 
in the line of repair, but all effort must be directed to the work 
of preventing large masses of water from entering the after- 
hold or the shaft-alley of the ship. 

When the propeller and the after end of the shaft have lost 
support in the stern post altogether, it will prove a difficult 
task to keep the stuffing-box on the bulkhead. It has proved, 

“in such cases, advantageous to push the shaft as far aft as possi- 
ble, until the propeller is jammed tight against the wreckage 
of the rudder or post, and to prevent the end of the shaft 
from swinging about under the movements of the ship by fit- 
ting heavy shores against it, thus avoiding further destruction 
of the bulkhead. 

The bulkhead in the shaft-alley and around it should be 
stiffened, shored and braced in the most substantial manner 
that the condition will permit. The entire safety of the ship 
may depend upon the rigidity and strength of this bulk- 
head. 


737. What breakdowns may occur in the condenser 2 


The breakdowns to which the cast-iron condenser shells are 
most exposed are cracks, due to unequal expansion, which, in 
most cases, may be patched by an application of cement, or be 
so fitted with a caulking strip of copper on the outside that 
the external atmospheric pressure will tighten the joint. Very 
obstinate air leaks may occur when the cracks are in an end 
flange, making them extend around the corner. 

Patching and caulking with metal or cement may both have 
to be resorted to, as required by the case. The tubes, if split, 
can be best replaced by spare ones, or if these are not on hand, 
the old ones may be soldered. 

The water chest and circulating water pipes are generally 
not troublesome, as they are easily repaired by patching. 
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Fra. 168.—Diagrams, Showing Method of Replacing 
the Gasket. on an Injection Valve, while the 
Vessel is in the Water. On account of leaks it 
was necessary to set in a new gasket, which 
operation was accomplished, briefly, by t slack- 
ing back " on the nuts and screwing down hard 
on the hand- wheel, alternately. The effect was 
to produce sufficient slack to enable the cutting 
out of the old gasket. The new gasket was then 
slit as shown, and cuts made to the edge from 
each bolt hole so that it could be readily ` worked 
on, without further overhauling the valve. 
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738. What breakdowns 
are liable to occur 
with the station- 
ary parts of the 
pumps, auxiliaries, 
valves and piping ? 


The breakdowns on cyl- 
inders, framing, bed-plates, 
etc., of pumps and auxilia- 
ries are very similar to 
those in the main engine, 
and may be repaired ina 
similar manner, by patch- 
ing. Valves can be re- 
placed by spare ones, or 
by exchanging with one in 
a less important place. 

Sea valves may be trou- 
blesome by the leakage 
of water into the bilge. 
Where the sea valve is at- 
tached, with through bolts, 
to a neck reaching out 
from the side of the ship 
beyond the framing, it is 
sometimes possible to 
blanket the opening in the 
neck by a piece of sheet 
metal. TL Hi есе о 
metal is cut in circular 
form to fit loosely inside of 
the bolts, covering the 
opening with a good lap. 
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Fias. 170, 171.—Diagrams Showing Method of Repairing Cracks in a Low-pressure Piston. 
In course of efforts to repair а disablement caused by the failure of the piston to 
"hug" the taper of the piston rod, on account of misplacement of the dowel pin, the 
cracks shown at A were developed. The piston was repaired in place in the eylinder, 
being reaehed through the bottom snifter, the repairmen working overhead. A 
template was made and three steel patches shaped to №, as shown at B. Тһе tem- » 
plate, heated red hot, was laid on а piece of 14-inch sheet steel scribed all around, 
while hot, and another template worked out on the scribe lines. The piston was then 
drilled and chipped across the cracks to this last template, and the patches heated 
and put in place. They were afterward checked with screws, as shown. This repair 
зегуе well until reaching port, по pounding of the piston being observed on the 
home voyage. 
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Fias. 172, 173.—Diagrams Showing Method of Making a Piston Valve from a Defective 
Slide Valve on the Cylinder of an Independent Auxiliary Engine. In substituting а 
piston valve for an ordinary “ D” slide valve, the first requirement is to get room for 
à valve of the proper diameter, which entails facing off of the valve seat, taking 
care, at the same time, not to cut through the valve chest, A, Fig 2. Usually a false 
seat has been inserted, as shown, on account of the excessive wear of the slide valve, 
in which case it is necessary only to remove the false seat and put the piston valve 
chamber in its place. In designing the piston valve chamber, after the diameter of 
the valve has been determined, it is necessary to provide that the passages, C, Û, 
Fig.2, at either side, have a combined area equal to that of the main steam pip? 
feeding the cylinder in question, so that there may be no '*wire-drawing," eithe- 
above or below the valve. Itis generally desirable, also, that the valve chest cover 
be remodeled, to fit the piston valve chamber, as shown in Fig. 2. 

Inorder to make the nuts at either end of the piston valve maintain the same 
relative pn as they occupied on the slide valve, it is necessary to make the 
piston valve somewhat shorter, andreversing the ends of the nuts, so astoleave barely 
enough room (о tighten them. Shortening the valve entails contracting of the steam 
ports and bridges, especially the exhaust port; so that, when the valve is at one end 
of its travel, the exhaust opening, B, will be at least as wide as the steam port. 
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When cutting this piece, two strips of metal are left diametric- 
ally opposite that reach out between two bolts and serve as 
handles for directing it into place. 

The through bolts on one side of the connecting flanges are 
all removed, and those on the other side loosened suffi- 
ciently to allow the sheet to be slipped under the valve. 

It should be handled rapidly, to reduce the heavy leakage 
through the loosened joint, as much as possible. After adjust- 
ment, all bolts are replaced and drawn up tight, and the sea 
valve may then be opened and repaired to best advantage. 


739. What breakdownsare likely to occur with the pistons 
and valves 2 

The pistons and valves are liable to develop cracks or frac- 
tures that allow the steam to pass from one side to the other, 
or prevent their rigid attachment to the piston rod or valve 
stem. Repairs by raised or sunken patches will prove a help 
for most cases. 

Precaution must be taken, however, that the raised patches 
do not strike any part of the heads or covers. It may be 
necessary to raise the top head by extra heavy packing, or 
to fit a distance ring, packed on both faces to obtain the neces- 
sary clearance between the patches andthe head. Patches on 
the under side of the piston are the most troublesome to apply 
and to provide clearance for. It may also be necessary to put 
liners under the connecting rod brasses or otherwise to raise 
the piston sufficiently to give clearance for the patches. It is 
evident that the upper side must also be raised. With the 
valves the clearance is likely to prove less troublesome. 

The greatest difficulty, particularly in slide valves with intri- 
cate passages, is to close the cracks in the dividing walls suffi- 
ciently to prevent steam from leaking through. 

With serious fractures, which would be hopeless as regards 
repair, the cutting-out of the particular cylinder will probably be 
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| the only possibility. The connecting rod and eccentric rods 
will have to be swung out of the way of the shaft, the valve re- 
moved and the rest of the moving parts securely blocked. The 
valve chest and cylinder will thus become part of the receiver 
space, reducing the expansion one step. It will be advisable 
to reduce the pressure and power correspondingly. 


740. What breakdowns are likely to occur in the piston 


rod and valve stem ? 


The piston rod and valve stems are subject to very annoy- 
ing breakdowns, which are, in most cases, not easily repaired. 
This is due to the fact that they must retain their smooth 
cylindrical form for passing through the stuffing-boxes or 
fitting into valves, pistons or cross-heads. 

The defects generally appear as transverse or diagonal flaws, 
cracks or breaks, which are sometimes due to imperfections in 
the material or workmanship, and sometimes to overload or 
local strains. Cross keys often prove effective, or two or three 
sunken longitudinal keys tapped to the rod above and below 
the fracture by countersunk screws. 

It is apparent that everything must be filed and smoothed 
to the same cylindrical surface. Generally, the section of the 
rod is sufficiently large to permit such a reduction of the 


effective area, without proving dangerous, and also allows 


] 


the repaired rod to be used, at least, with reduced pressure 
and speed. 

Frequently the fractures are located near опе end of the 
rod, in which case a hole may be drilled on the longitudinal 
axis into the solid part, and the two be connected by a central 
tap bolt, large enough to carry the tension strain. 


741. What breakdowns are likely to occur in the cross- 
heads and the connecting rod? 


The flaws and cracks that may be caused, for one reason or 
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another, on the cross-head, or connecting rod, are compara- 
tively easy to repair by patching, as the parts are fairly ac- 
cessible. Smaller parts, like bolts and slipper plates, may 
usually be replaced by spare parts, or substitutes built by the 
engineer force. 


Ета. 174.—Diagram Showing a Ready Method of Repairing a Broken Eccentric Strap. 
This cut shows the rod half of an eccentric strap fractured completely through, as 
indicated between A and B. The repair was effected by bending a flat bar of iron, 
A B C D, so as to fit the strap, leaving small clearances below A and D, so as to per- 
mit the ends to be drawn down tight by bolts. Two holes were then drilled for the 
strap bolts, and two others for the eccentric rod studs. Thus repaired, the eccentric 
was in shape to work nearly as well as before the mishap. As may be understood, 
however, the repair would have the effect of lengthening the eccentrie rods by the 

' thickness of the iron strap, A B C D, which necessitated a corresponding shortening 
of the valve stem, thus leaving the valve in the same relative position without change 
inits operation. The eccentric gear, thus repaired, operated very well, and at neavly 
full speed, through the 1,400 miles to port, where permanent repairs were effected. 


In direct-connected air, feed or bilge pumps, the rocking 
levers, or the connecting links, may give out. Patching the 
beams,orreplacing them with substitutes cut from pieces of 


plate,with doubling pieces under the pins or the rock-shaft 
connections, will often prove the best method of repair. 
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The links, if giving out in the connecting rods, can be con- 
veniently replaced by plain bolts and distance pieces between 
the end bearings. The pins and connecting rods may often 
be strengthened by large central bolts and longitudinal sunken 
keys. 

The brasses, caps and bolts, in most cases, may be replaced 


WASHER 
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Fie. 176.—Diagram Illustrating. Another Ready Emergency Repair on a Cracked Connect- 
ing Rod. The location of the crack is indicated in this cut, and, as may be readily 
understood, a fracture must have soon resulted. Since this connecting rod had a hole 
extending through its entire length, as indicated by the dotted lines, the method of 
repair was as follows: The rod was taken down, placed on the lathe, and the hole 
countersunk at the stub епа to a depth of two inches. A spare boat davit was then 
cut to proper length for making a bolt to extend entirely through the hole in the con- 
necting rod ; one end of it being upset to form a head, which was turned to the 
exact size of the countersink, the other end being threaded to receive a nut, as 
shown. Тһе rod was then heated uniformly over a charcoal fire, so as not to twist 
it; the long bolt was driven into the hole through the rod: the nut set up against its 
washer; and the rod allowed to cool. After this, a small hole was drilled at each end 
of the crack, to prevent it from spreading. The repair, thus completed, served to 
retain the connecting rod in good condition during a voyage of 10,000 miles, 


by spares, or otherwise forged pieces, if they have a sufficient 
number of, holes, Babbitt plugs may efficiently replace the 
broken pieces, with the aid of washers and liners. 


Keys, gibs, and straps are easily replaced with the usual. 


appliances on hand. 


“2-2. 
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| 742. What breakdowns are likely to occur in the valve 
driving gear? 

The valve driving gear, consisting of eccentrics, rods, links 
and reversing gear, admits of easy repair, as most of the parts 
are comparatively light, and of sizes readily shaped from the 
stock on hand. The loss of time proves, in this case, the most 
annoying feature of the accident. 


Т 


|| 


Ета. 177.—Illustration of a Ready Emergency Method of Repairing a Broken Piston Rod 
| оп a Reversing Engine. The rod parted in the keyway, making it necessary to adopt 
| some other method of connecting the cross-head оп. The rod and cross-head were 

drilled and counterbored in place; The counterbore being made with just a flat pro- 
jection for a guide, while the rod was being drilled and tapped for the stud. The 
original condition of the rod is shown at A ; the repair, at B. 


Marine Engineering 


'The most frequent defects develop in the eccentrics and 
straps, which often break clear through. If room permits, 
patches on the side of the eccentric may strengthen it suffi- 
ciently to allow it to do its work. Where the break is at the 
key, or where the space is too cramped, the backing eccentric, 
if of the same size as the forward one, may be put in its place. 
The backing rod must in this case be removed, and its end of 
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the link be securely strapped from above and below, so that it 
can move neither up nor down. The link is thus converted 
into a lever, having its fulcrum at the strapped end, being 
guided and held horizontally by the drag rods, and swung up 
and down at the ahead end by the forward eccentric rods. 

It is evident that backing would thus be rendered impossi- 
ble, and that, on the approach of crowded harbors or docks, 
tugs would be required to handle the ship entirely. 

Breaks in the strap have been repaired by fitting, above or 
below the broken one, additional bar iron straps, which trans- 
mit the strains to the clamping bolts. 

It may prove advantageous to place the broken and repaired 
strap on the backing eccentric and the sound strap on the 
ahead eccentric. 

The eccentric rods may be repaired in the same manner as 
connecting rods. : 

In small sizes the rods are sometimes connected to the 
straps by screw threads and nuts, that may strip or become too 
loose for a full load. Keys may be fitted sometimes in their 
place, as circumstances permit. Link pins or blocks can be 
replaced by spare ones or substitutes. The reversing gear, 
being used very infrequently, seldom gives occasion for repairs. 

With reciprocating, reversing steam cylinders, the piston 
may overrun, if the hand floating lever is out of order, knock- 
ing out its head or inflicting damage to other parts of the gear 
or links. р 

Minor accidents, such аз the loss of rock arm keys, breaking 
of the shaft bearing and the like, may appear, but are repaired 
without difficulty. 


743. What breakdowns may occur with the crank shaft ? 


The crank shaft, under its.many severe bending and tor- 
sional strains, is exposed to numerous possibilities in the way 


| 
| 
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of accident. The flaws or fractures may occur in crank pins, 
webs, shafts or couplings. 

The crank pins are liable to be fractured near the web, par- 
ticularly those forged together with the web. If the pins are 
hollow or so situated that central holes can be bored through 
them, heavy bolts with nuts or upset ends make a very effect- 
ive repair. 

The webs are more likely to show flaws near the pin or 
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B 


Fra. 178.—Diagram Illustrating a Method of Shaping a Screw Propeller Shaft, so as to neu- 
tralize the corrosive effect, due to the contact of the steel shaft with the brass liner 
for as long a period as possible. The contact of the brass liners, indicated by the 
shaded sections in the cut, with the steel of the shaft is liable to produce a corrosive gal- 
vanie action, due to the presence of sea water. The result which generally follows is 
such an eating-away of the metal of the shaft as is shown at A. In order to neutralize 
this action, as long as possible, the shaft may be turned to a reduced diameter, slop- 
ing away from the point of contact with the brass liner, as is shown at B. 


shaft. Straps around the fractured part, set up tight by bolts 
or keys, may enable the shaft to transmit, at least, part of the 
normal power. Breaks in the shaft, particularly in the bear- 
ings, may be troublesome cases to deal with. 

With hollow shafts, a solid central pin or bolt, supplemented 
by longitudinal sunken keys, may repair the shaft for partial 
duty. The couplings are liable to give trouble by shearing the 
bolts, sometimes breaking that part of the coupling outside of 
the bolt. New bolt holes and bolts may be fitted, and cross 
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keys, sunken into each face, greatly add to the strength of the 
connection, by relieving the bolts of a large part of the tor- 
sional strain. 

Where the shaft is fitted in interchangeable sections the 
injured part is best placed under the forward cylinder, where 
the least power is to be transmitted. 

If beyond repair, the corresponding cylinder must be cut out, 
as already described. 

The maximum pressure upon the crank may be somewhat 


Marine Engineering 
| 
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Fie. 179.—Diagram Illustrating Disablement to the Coupling of а Main-engine Crank- 
shaft. The coupling flanges were connected by ten bolts, as shown, but on account 
of some unforeseen accident, all of them were broken off short between the flanges, 
the working of the engine resulting in bending the key, which alone held the flange 
faces from slipping, into the section shown at the base of cut. Repair was effected 
by drilling out and replacing the bolts. Surety demanded, however, that one cylinder 
of the engine be cut out. 


decreased by lengthening the period of admission and decreas- 
ing the expansion. 

This will keep the back pressure high, and thus reduce the 
mean effective pressure upon the piston, throwing more work 
upon the other cylinders. 

This repair is advisable also where fractures in pistons, piston 
rods, rods, cross-heads or connecting rods render it desirable 
to relieve the injured parts somewhat from their normal load 


and strain. 
The changing of the steam distribution may be effected by 
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cutting down the,steam lap, and by reducing the angular ad- 
vance of the eccentric. The steam lap can be cut down effect- 
ively by drilling a row of holes close together along the steam 
edge of a slide valve or a plug piston valve. With packed 
piston valves and follower rings, notches may be cut into the 
rim, or ring, that will allow the steam to enter the cylinder 
during a longer period. To shift the eccentric, new key ways 
must be cut, and the eccentric secured in such a position that 
the lead remains of the former dimension. 

With single or compound engines, such a change, coupled 
with a reduction of the admission pressure, may prove of con- 
siderable value. For triple or quadruple expansion engines, it 
may prove more advantageous to save the time and cut the 
injured cylinder altogether out of the working cycle. 


744. What breakdowns are liable to occur in the shafting 
and the propeller 2 


The breakdowns in these places generally consist in trans- 
verse or diagonal flaws, or fractures, splitting of couplings and 
shearing of bolts. Where the injured part is accessible, 
patches and longitudinal and cross keys, held by clamps, 
prove the most effective remedy. 

All interstices are run solidly, full with Babbitt metal, to 
prevent any shifting, loosening, or slipping-out of the keys or 
clamps. Couplings and bolts are treated like those of the 
crankshaft. The thrust shaft, if broken within the range of 
the collars, may require special forged patches, for the fitting 
of which some of the collars may need to be cut away. 

The power of the engine may have to be reduced to suit a 
decrease of thrust-bearing surface. It will then be advisable 
to provide temporary bearings of wood, ог to hang the shafts 
in chains, as near to the fracture as they can be fitted to pre- 
vent any extra bending strains upon the injured piece. 


| 
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A nearly hopeless case is the fracture of the propeller shaft 
in the stern tube. 

If far enough forward to be within reach from the after 
peak, the stern tube can be cut away and the shaft repaired in 
the same manner as other parts of the shafting. If the break 
is in the after-bearing, or at the propeller, it is probable that 


Marine Engineering 
ORIGINAL LINKS 

Fie. 181.—Diagrams Illustrating a Temporary Repair on Fractured Pump Links. With 
the engine in question, the air, feed, bilge and circulating pumps were all worked from 
the cross-head of the low-pressure cylinder. Great trouble was experienced from the 
fact that the nuts on the forward pumps would constantly slack back. Finally the 
bolts fractured at the shoulder, as indicated. Therepair was made by threading two 
steel rods of the proper length and diameter, and inserting them, as shown, with two 
lengths of iron pipe as distance pieces. 


the broken end will drop out before any remedy can be ap- 
plied. 

The propeller hub may become split or work loose on the 
cone by the loss of the securing nut or key. Frequently these 
accidents occur in heavy weather and in conditions where 
nothing can be done other than to try clamping the shaft and 
waiting for moderate weather, to discover if repairs can be 
effected. There are cases on record in which a ship, in light 
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condition, has been trimmed by the head through water bal- 
last to such an extent that the hub of the defective propeller 
was within reach of the working force of the engineers, so as 
to be successfully replaced with a spare one during favorable 
weather. It is also possible sometimes to thus replace broken 
blades, if they are bolted to the hub. 

Fractures in the shafting, and consequent loss of the pro- 
peller, prove serious dangers, not only by depriving the ship 
of its propulsive power, but also by occasioning a running- 
away and complete destruction of the engine itself, on account 
of entire removal of load, with increased rotative speed. The 
suddenness of such occurrences requires the permanent atten- 
tion of the engineer on watch, and renders it desirable that the 
throttle valve should virtually never be out of the reach of his 
hand. 

In heavy weather, under severe pitching, with such move- 
ments of the vessel as at one time lift the propeller high out of 
the water, while at other times burying it deeply, continuous 
alternate closing and opening of the throttle valve are required 
to prevent racing, in one case, or stopping, in the other. 


745. What breakdowns are liable to occur in the air 
pump ? 


The breakdown of the air pump may take place in any one 
of the three valve systems; in the plunger or piston; in the 
steam cylinder gear of independent pumps or the transmitting 
gear in the connected pumps. The valves can generally be 
patched or replaced, as the most common defects consist in a 
wearing away and breaking of the valves, studs or guards. The 
plunger or piston may crack around the centre hole, or at the 
packing rings. If the crack is slight, patching may prove 
sufficient, but, with large fractures, this mode of repair may 
render difficult the maintenance of a vacuum. 
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| The driving mechanism will require about the same repairs 
as before mentioned for the main engine. 

If the air pump is beyond repair, substitutes must be em- 

ployed, or the vacuum will have to be dispensed with. For 
substitutes a reciprocating circulating pump, the feed pump or 
the donkey, fire or bilge pump may be employed, according to 
availability. If the feed pump is provided with a suction from 

‚ the air-pump channel, it may be able to remove the water, but 
not enough air to furnish a satisfactory vacuum. 

It is sometimes possible to establish one or more extra con- 
nections at hand, or manhole covers, that allow the donkey, 
bilge pump or fire pump to concentrate its suction capacity also 
upon the production of vacuum, although less effectively than 

| with the air pump. 

When no vacuum can by any means be obtained probably 
the best thing to be done is to maintain as much condensation 
as possible, remove the water with a pump from the bottom of 
the condenser, and allow the steam or surplus water to find its 
way overboard through the air pump after the valves and pis- 
ton have been removed through the hot well and delivery 


pipe. 


746. What breakdowns are likely to occur in the circulat- 
| ing pump ? 
j 
` The common breakdowns of the circulating pump are in the 
valves and bucket of the reciprocating pump, or in the runner 
and steam gear of an independent rotary pump. For minor 
defects repairs can be made by patching, or substitutes, in a 
manner similar to that described in connection with the air 
pump and parts of the main engine. If the air pump is large 
enough, jet condensation may be resorted to, either by using 
а special injection cock or valve, ог by removing a number of 
the upper tubes. This, however, will introduce large quan- 
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tities of salt into the boiler, with the consequent danger of 
rapid scale accumulation. 

It is generally preferable to employ a substitute for the cir- 
culating pump, if such can conveniently be connected to the 
condenser. Fire pumps, donkey or bilge pumps have been 
used successfully, making pipe, or even hose, connections at the 
hand-holes of the condenser water chests. Large ballast pumps 
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Fia. 182.—Diagram Illustrating a Method of Connecting the Fire Pump to the Condenser, 
owing to the breakdown of the circulating pump. Two of the hand-hole covers on 
the bonnet of the condenser were removed and a 2% inch hole eut in the centre of 
each. Bolt holes were then drilled around each of these holes, so that the flanged 
hose connections to the fire pump could be bolted in place on them. Hose connections 
were then made to the fire pump, which was used to circulate water in the condenser, 


often have a pumping capacity capable of amply supplying the 
needed condensing water. 


747. What breakdowns are liable to occur with feed pump, 
donkey, fire or bilge and ballast pumps ? 


Breakdowns in the reciprocating pumps generally occur in. 
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Fic. 183.—Diagrams Illustrating Disablement and Repair to the Piston of a Dynamo 
Engine. The piston was cracked across its diameter and down either side, as shown 
at А and С. То repair the damage, one-quarter inch holes were drilled at the ends 

The top patch was a 

washer, such as carpenters use, 4 inches square by 36 inch thick of sheet steel with a 

hole in the centre of 1% inch diameter. This washer was heated and dished, the 

cylinder head being used for a former. The piston boss fillet was also filed, as shown 
at B, and that part left about 1-64 inch larger in diameter than the parallel part of the 
boss, and the patch hole filed to just go over the parallel part. Rivet holes in these 
patches were spaced to draw. The top patch was then heated, hung on the parallel 
par of the boss and squeezed over the filed part in the vise, using a 2-inch pipe coup- 
ing against the patch to seat it. In cooling, the crack where it had already extended 
to the lower flange, as at A, went through, but when the piston was tried on the rod 


of the crack, as shown in B and C, and patches were fitted. 


it did not open a particle. The engine was operated perfectly with this repair. 
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the steam or water valves, or pistons. The valves may give 
out, stick or leak, or the studs and guards, supporting and 
guiding the valves, may become deranged. 

The pistons very frequently give out in the packing, thus 
allowing large leakage, or they may become cracked or 
broken. Repairs have been made, in cases where spares were 
not on hand, by building up pistons with plate discs, using 
pieces of pipe as distance pieces, and connecting tap bolts, 
which, carefully packed, did good temporary service. 


748. What breakdowns are likely to occur with the elec- 
trical machinery ? 


The electrical plant may break down in the driving power 
or the electrical equipment. 

The engine and its parts may be repaired in manner similar 
to that employed in the parts of the main engine. 

The electrical equipment may prove defective in the 
dynamo, the wiring, or the lampsor motors. For the dynamo 
sometimes a spare armature is provided, which may be substi- 
tuted for the old one. 

Burning-out of the fields will probably require shutting- 
down of the electrical service and resorting to oil or other 
lighting. 

The wiring may. conveniently be repaired, after detecting 
the defects, with the help of a battery, a bell or galvano- 
meter. 

Broken lamps can be replaced by spares, while defective 
motors generally require the suspension of the special service. 


749. What breakdowns are liable to occur with fan- 
engines, refrigerators and steering gear? 


The breakdowns of these engines require practically the same 
kind of repairs as the other rotating or reciprocating auxil- 
iaries, in pistons, valves, shafts, eccentrics and rods, etc. 


| 
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750. What influence has interchangeability of parts upon 
convenience and rapidity in executing repairs ? 


The greatest interchangeability is highly desirable, as then 
one spare will readily fit in a number of places, or apart from 
an unimportant position can be substituted for a broken part in 
a more important position. 

Interchangeability may extend in multiple-cylinder engines 


` to all piston rods, cross-heads, connecting rods, sections of 


— 


crank shaft, thrust-bearing horseshoes, valve stems, links com- 
plete with drag rods, eccentric rods and eccentrics. The 
auxiliaries may partake, profitably, of this feature by making 
parts of blower, circulating and dynamo engines alike, also by 
giving to all pumps piston rods, pistons and valves of the same 
size, as much as possible, even using the same size pump for 
feed pump, donkey, fire pump and bilge pump. Stuffing-boxes 
may often be interchangeable for piston rods and valve stems 
on the main engine and, in other sizes, for the auxiliaries. 
Valves and piping can often be quite conveniently con- 
structed in only a limited number of sizes that may thus be 
replaced from а small stock of spare pieces. Uniformity of 
size in flange connections and bolts proves of the greatest 
benefit in remedying certain suddenly-appearing defects. 


751. What tools prove the most useful in making re- 
pairs ? 

The most useful tools for making repairs are those for drill- 
ing, boring, tapping, chipping, slotting and facing, in either 
portable or stationary form, besides the appliances for heating 
and forging, soldering and brazing. 

The machine shop on board large ocean-going ships may 
profitably contain a good-sized radial drill press, a lathe, large 
enough to take connecting rods, piston rods and valve gear 


. parts and fitted with a face plate on the other end of the head 
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stock, in order to permit of swinging such objects as pistons or 
cylinder heads in front of a special tool rest. 

A very convenient tool is also a small slotting machine. Of 
course, all hand tools and smaller appliances, as well as pulling 
and lifting jacks, are provided in sufficient numbers and variety 
of sizes. 

Nearly all repairs will require drilling or boring, either on 
portable pieces or patches that can be taken to the drill press 
ог lathe, or on the stationary parts of the engine. Іп the lat- 
ter case portable tools are required. Frequently hand ratchets 
only are available, thus rendering heavy repairing a slow and 
fatiguing task, besides leaving the ship, in heavy weather, for a 
long time at the mercy of the waves. 

Where electric lighting is employed on shipboard, a lead 
could be fitted through boiler room, engine room and shaft- 
alley in water-tight insulation and with a number of outlets for 
attachment of cables leading tosmall motors. These motors 
could transfer their power by flexible shafting to portable 
drills, gaining thereby a great saving of time and output of 
work ; also allowing, through the great flexibility of the system, 
access to almost all parts of the machinery. 

Drilling, most frequently, must be supplemented by chipping, 
for the fitting of longitudinal or transverse keys, patches, etc. 
Power application to the operation of chipping, caulking, 
cutting and driving rivets, expanding and beading tubes can be 
obtained at comparatively small cost by the installation of an 
air compressor inthe engine room, which, with ashort lead of 
pipe and long flexible hose connections, can supply power for 
several of the highly-effective pneumatic tools, used in all 
ship yards and boiler shops for the same kind of work. 

The great advantage of such power application lies in the - 
saving of time that may prove of the utmost value for the 
safety of the ship. 
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The engineer’s force of an ocean-going ship is of necessity 
limited. However, with power tools at command this small 
staff can execute large repairs effectively and successfully. 

Engineers have often shown great ingenuity in such power 
application to the work of repairs. The winches, with their 
independent steam cylinders, have been used to drive, by gear 
or belt connection, improvised lathes in which it has been 
possible to repair some of the heaviest parts of the machinery. 
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The Twin Screw Lake Steamer ** Morning Star.” 
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CHAPTER TWENTY-SEVEN. 
CONSTRUCTIVE MATERIALS AND TESTS OF STRENGTH 


752. What forms of substance are of importance in the 
construction and operation of marine machinery ? 


The substances that are of importance in construction and 
operation of marine machinery are of the gaseous, liquid and 
solid form. The gaseous substances, generally used as work- 
ing fluids, are air, furnace gases, steam, ammonia, etc.; the 
liquid substances, used as working, lubricating or indicating 
fluids, are water, brine, oil, mercury, etc.; the solid substances, 
used as retaining, tightening, insulating or filling materials, are 
steel, iron, copper, brass, tin, zinc, lead, rubber, hemp, felt, as- 
bestos, cement, etc. 

The labor of the engineer is largely directed to and required 
forthe end of retaining, admitting, excluding or withdrawing 
the working fluids, or the power developed from them, by the 
appliances constructed from the solid materials. These latter, 
therefore, are, according as they realize the varying degrees of 
perfection inthe accomplishment of their tasks, of the highest 
interest to the engineer. 


753. What qualities of the solid materials are important 
in the accomplishment of their tasks 2 


The qualities of the solid materials, important for efficient 
performance in the construction and operation of marine ma- 
chinery, may be distinguished as: 

(1.) Chemical qualities. 

(2.) Mechanical qualities. 


401 
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754. What are the important chemical qualities of the 
solid materials 2 


The important chemical qualities of the solid materials are 
those that resist corrosion from contact with acid or alkaline 
working fluids, or from galvanic action, by immersion of differ- 
ent materials in an exciting fluid. The parts easily affected by 
acid corrosion are the boiler, condenser, pipes, еёс., their ma- 
terials of steel and iron being subject to this influence. Copper 
and brass, if used in refrigerating machines, would be subject 
to alkaline corrosion from the ammonia. . 

Galvanic action is commonly found at numerous points in 
hull, boiler, engine, piping, etc., attacking most frequently iron 
and steel. 

To secure efficient operation, the materials chosen are either 
protected from corrosive action by making acid working fluids 
indifferent or slightly alkaline; by allowing alkaline working 
fluids to touch only materials immune from corroding influ- 
ence, or by substituting and sacrificing a special material to 
the corroding action, and protecting those of greater im- 
portance. 


755. What are the important mechanical qualities of the 
materials 2 
The important mechanical qualities of the materials are: 
(1.) Porosity. 
(2.) Hardness. 
(3.) Strength. 
(4.) Toughness. 
(5.) Elasticity. 
756. What is understood by the term porosity, and where 
is this quality of importance 2 


Porosity is a lack of cohesion between the particles of a 
material, which allows other substances to occupy the inter- 
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stices between the component particles. These interstices are 
most likely to be filled by gases and liquids. It is evident that 
this quality of porosity should be possessed as little as possible 
by the materials and parts employed to retain working fluids 
at a pressure higher than that of the outside fluid. 

Spongy steam cylinders are thus unfit for holding high press- 
ures. For other purposes the quality of porosity may prove 
highly desirable. In all filters, extended use is made of 
porosity ; the interstices of the filtering material allowing the 
working fluid to pass through, while the impurities are collected 
and retained. 

Another case where porosity is desirable is found in different 
lagging materials, like felt, mineral wool, etc. Air is retained 
in the numerous interstices, acting thus very effectively as a 
non-conductor of heat. 


757. What is understood by hardness and where is it of 
importance P 

Hardness in the quality of the material that renders diffi- 
cult the separation of each component particle from its 
neighbor. 

Thus, а piece of iron offers great resistance to cutting, or 
separation of its particles, while a piece of lead is easily 
divided. 

Hardness is also,to some extent, coincident with strength, 
although the accompanying degree of toughness decides how 
far it is advisable to make use of this hardness. 

The degree of hardness of all materials may be expressed 
comparatively on a scale such as is used in mineralogy, 
and in which talcum 15 graded at unity, while the 
diamond, the hardest known substance, is graded at 10. In 
this scale, a material marked 8 can scratch one marked 7, while 
7 can scratch 6, and so on. Thus, it will readily be seen, a ma- 
terial high in the scale can be injured by few other materials, 
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while one low in the scale can be defaced, or divided, by a great 
many materials. Hardness is, therefore, a valuable quality in 
the walls of all retaining vessels for making sure that they are 
well protected against injury from external influences. 

Steel and iron are consequently chosen for boilers, pipes, en- 
gine parts, etc., as possessing sufficient hardness and strength. 
For example: nobody would think of making a boiler shell 
of lead or tin, aside from considerations of weight and cost. 

Hardness is of importance, also, in wearing surfaces. It is 
found that cast iron, with its great hardness, is the best material | 
for the bores, or liners, of cylinders and for the faces of the. 
valve chest, as well as for the piston rings and valves moving 
on these faces. In slipper guides is found another instance in 
which the hardness of the cast iron proves a valuable quality. | 

Where form and strength must be preserved a soft material 
offers numerous drawbacks. Thus, it is objectionable to use i 
lead pipes for bilge suction, as they are too easily affected Бу. 
external injury. In other places, softness may prove a highly 
desirable quality, as in all packing materials. Here the soft- 
ness of the lead, copper, rubber, hemp or putty allows a dis- 
placement of the particles against one another, under pressure, | 
thus filling more effectively all interstices between the clamp- - 
ing surfaces. 


758. What is understood by strength and where is it of im-. 
portance ? 


Strength is the quality of materials that renders them capable: 
of resisting stress. 

Strength may vary according to the stresses produced in the! 
material under different applications of load. Thus, cast iron: 
possesses great strength, under compressive stress, but possesses 
much less strength under tensile stress. 

For general purposes, we may consider it an approximately. 
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accurate rule that the strength of a material is in direct ratio 
to its hardness. 
It is, thus, found that steel, if tempered or hardened, pos- 
sesses greater strength than in its ordinary state. 
Naturally, it is desirable to choose the strongest materials in 
the construction of machinery, as the greater the specific 
strength, the smaller the amount needed to furnish a certain 
‚ required degree of endurance and resisting quality. Iron and 
steel are strong materials, and, therefore, excellently adapted 
for use inthe construction of machinery. Copper and brass, 
although less strong, and consequently required in a larger 
quantity forthe same strength, come next in the scale of de- 
sirability, particularly as they possess valuable chemical 
qualities, rendering them comparatively immune from cor- 
rosion. 


759. What is understood by toughness, and where is it of 
‘importance 2 

Toughness is that quality of a material by which a greater 
or less degree of displacement of the particles is rendered pos- 
sible to the point of complete separation. Thus, a piece of 
copper wire, on account of its toughness, can фе bent many 
times without breaking, while a piece of cast iron would crack 
or break on the first attempt at bending, because of its lack of 
toughness. This displacement of the particles may also be 
shown, upon pulling the particles apart, or pushing them 
against one another. Thus, the copper wire, if supporting a 
very heavy weight, will stretch and thin out until, at last, it 
may pull apart. Another example is found ina piece of lead, 
which, upon being hammered or pressed, spreads its particles 
out, forming a flat disc. 

It is thus possible to distinguish between different degrees of 
toughness, ranging from brittle to plastic. 

It may be noted, also, that, in the average, hard materials are 
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likely to be brittle, while the softer materials generally have а. 


more or less plastic nature. Thus, hard cast iron and hardened 
steel are brittle, cracking and breaking easily, while soft copper 
or lead can be hammered, shaped or drawn out with great 
facility. 

Brittleness is often an undesirable quality in materials where 


a readiness in stretching, or yielding under stresses, is likely to” 
prove a valuable feature, if not present excessively. The ma- 


terial, through this stretching, gives a certain timely warning, 
which, if heeded by ceasing the application of the excessive 
stress, may prevent serious consequences. Stretching in one 
direction is generally accompanied by reduction of dimensions 
in all other directions. 

The quality of toughness may show itself also in change of 
shape. Thus, if the furnace of a boiler comes down and bulges 
without rupturing, the toughness of the material prevents а 
serious accident. It is for this reason that soft steel, with con- 
siderable stretching capacity, is, by many engineers, considered 
preferable to hard steel with less yielding capacity. 


760. What is elasticity, and where is it of importance ? 

Elasticity is that quality of a material which enables the par- 
ticles to return to their original positions, with relation to one 
another, after displacement. Thus, a spring, if bent or com- 
pressed by aload, returns to its original condition or length 
after the load is removed. 

All materials possess this quality of elasticity to a greater or 
less degree; since under all loads there is a certain displace- 
ment of the particles due to extension, compression, twisting 
or bending, although this displacement may be so small that 
delicate measuring instruments are required for its observa- 
tion. 

Up toa certain magnitude of stress, the deformation of a 
material takes place proportionately to the stress. This point 


MATERIALS AND STRENGTH. 467 


| is called the elastic limit and on the average may be accepted 
as equivalent to one-half of the load, capable of rupturing the 
material. 

Within this elastic limit, most materials return to their 
original dimensions, upon removal of the load. Beyond this 
point, however, the deformation of the material. progresses 
much more rapidly than the increase of the load, and is also 
‚ of a permanent character. Thus, a strip of sheet iron may be 
deflected back and forth without danger of permanent deforma- 
tion, but if it is rolled tightly around a bar of iron it will remain 
‘permanently in the form of a coil. Another example is found 
in a part of a boiler head, where the material between the stays 
bulges, within the elastic limit, under the pressure of the steam, 
and returns to its original shape when the pressure is re- 
moved. 

If, however, the stay breaks, the plate bulges much more, 
and, if strained beyond the elastic limit, the bulge will remain 
permanent. Shafts, іп normal condition, transmit the power 
with a small twist, which, being within the elastic limit, leaves 
no effect when the power is removed. If, however, on account 
of a flaw inthe shaft, the strength of the suction is decreased, 
thus causing greater concentration of power, the elastic limit 
may be exceeded and a permanent twist will remain at the 
weakened section. 


761. What other points are of importance in the consider- 
ation of materials 


Important points in the consideration of materials, aside from 
their chemical and mechanical qualities, are their cost and 
weight. 


762. What influence is exercised by the cost of the ma- 
terial upon its fitness for constructive purposes ? 


The cost of the materials for construction of marine ma- 
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chinery may influence, through interest and repair charges, in 
a pronounced degree the economy of operation of the ship 
propelled by the machinery. 

It may thus prove advantageous to choose a cheap material 
of inferior strength, rather than an expensive one of high 
strength, and compensate for the defective strength by in- 
creased thickness. 

Numerous other considerations enter into such calculations. 
For example: an expensive material may prove more desirable 
and remunerative, on account of its greater durability, better 
wearing qualities, or immunity from breakdowns, delaysand re- 
pairs. Thus, copper or brass, although ranging from eight to 
ten times higher in price per pound than iron or steel, are con- 
sidered necessary for all salt-water connections, condenser 
tubes, pump cylinders or liners and the valves and working 
parts of numerous other intermittently-operated appliances of 
the machinery. To reduce the total required amount of higher- 
priced materials, they are frequently used only for liners or 
working faces, set over surfaces made of cheaper metals. 


763. What influence is exercised by the weight of the ma- 
terial upon its fitness for constructive purposes ? 

The weight of the material may prove important in consid- 
ering the total carrying capacity of the ship, or questions con- 
cerned with its propulsion. Where the total weight of the ma- 
chinery is small, in comparison with the total weight of the 
loaded ship, heavier materials, or larger quantities of materials 
of inferior strength, are often employed, if accompanied by de- 
creased cost. Where the total weight of the machinery is pro- 
portionately large, lighter materials, or smaller quantities of 
superior strength, are frequently employed, without great regard 
to cost. 

To conveniently estimate the weights of different materials, 
they are ‘placed in comparison with fresh water, and the figure 
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| 
stating how many times heavier or lighter it is than ап equal 


| bulk of fresh water is called its specific gravity. Thus zinc, 
being seven times heavier than water, has a specific gravity 


OP. 


794. What are the important materials used in the con- 
struction and operation of marine machinery ? 

The principal important materials used for marine machinery 
are: 

(1.) Iron and steel. 

(2.) Copper. 

(3.) Copper alloys. 

(4.) Tin, zinc, lead and their alloys. 


765. In what forms are iron and steel employed 2 

Iron and steel are employed in cast or forged shapes. The 
readiness of application of both these metals for construc- 
tional purposes depends largely upon the percentage of their 
contained carbon. 

According to this carbon percentage, they may be classi- 
fied as: 

(1.) Cast iron, with 2.5 to 3.5 per cent. carbon. 

Steel, with 0.06 to 1.5 per cent. carbon. 

(3.) Wrought iron, with 0.02 to 0.10 per cent. carbon. 


766. What are the qualities of cast iron 2 

Cast iron, on account of its cheapness and its ready quality 
of being cast into all kinds of complicated shapes, is one of the 
most important materials. It possesses strength, particularly 
in compression, and, through its hardness, has great durability. 
Rust and corrosion do not affect it as greatly as they affec: 
steel or wrought iron. One disadvantage involved in its hard- 
ness, is its brittleness and lack of toughness. These qualities 
render it unsuitable for receiving such shocks as, for example, 
may occur in the important moving parts of the engine. It can- 
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not be forged or drawn and its elasticity is small. While it is. 


р 


4 


easily melted and poured into intricate moulds, it cannot be | 
welded. However, its low price and unlimited supply, enabling | 
it to be easily obtained and replaced, render it an extremely | 


valuable material. 


767. What kinds of cast iron are recognized ? 


Two kinds of cast iron are recognized, according to the forms 
in which the carbon appear in the iron. 

While molten, iron holds the carbon in complete solution, 
but when cooled, a part or all of the carbon may be precipi- 
tated in flaky, graphite form. The amount of the graphite, 
thus formed, depends upon the manner of cooling. И the cast 
iron is cooled very gradually, all or most of the carbon becomes 
graphitic, and little or попе is combined. If, on the other hand, 
it is cooled suddenly, or chilled, little or no carbon becomes 
graphitic, while all or most of it is combined. Very different 
qualities are thus developedin the cast iron, which is gray in 
color, and soft in structure, when cooled slowly, and contain- 
ing all carbon in graphitic form, and white in color, and hard and 
brittle in structure, when chilled and containing all carbon in 
combined form. 

The combined carbon has the greatest influence upon the 


value of the cast iron as a constructive material. Being influ- ` 
enced by other ingredients, frequently found in the iron, it - 
changes the qualities of the iron very pronouncedly. These . 
other ingredients are generally silicon, phosphorus, sulphur . 


and manganese. 

Silicon, in small percentages, changes some of the combined 
carbon into the graphitic form, thus making the cast iron 
softer, but if present in an amount greater than three per cent., 
it tends to make the iron brittle and weak. 

Phosphorus weakens cast iron greatly, and is permissible 
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only in less than 1 рег cent., when it may increase the fluidity 
` of the cast iron. 

Sulphur does not enter cast iron very readily, but, when 
present, it seems to exert an influence in reducing the carbon 
and silicon, and decreasing the strength. 

Manganese increases the capacity of iron to hold carbon in 
large percentages, to about double the normal amount. It 
gives, also, a certain hardness and durability of surface, and 
decreases the magnetic qualities of the cast iron. 


768. What kind of cast iron is used for constructive pur- 
poses, and where is it employed ? 


The gray or soft cast iron is preferred for constructive pur- 
poses, as being more easily machined and considerably tougher 
than white cast iron. It is most often used for cylinders and 
valve chests, covers, pistons, valves, columns, bed-plates, con- 
densers, stern tubes, bearings, valve-casings, furnace fronts, 
grate-bars, bridge-castings and numerous smaller parts. Wher- 
ever ribs and flanges are required on the constructive mem- 
bers cast iron is used, as possessing the quality of most readily 
assuming such complicated forms in molding. 


769. What special forms of cast iron are employed ? 


A special form of cast iron is malleable iron, produced by 
annealing the completed castings in a bed of oxidizing mate- 
rials, which withdraw that portion of the carbon nearest to the 
surface. The strength, and particularly the toughness, is 
thereby increased, sometimes to such an extent that the part 
may be forged and bent without fracture. 

Another special kind of cast iron, called semi-steel, may also 
be produced by adding to the molten mass scraps of wrought 
iron orsteel. Through them the strength and toughness of the 
cast iron is increased, making it suitable for many constructive 
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details, which must otherwise be constructed in a more expen- 
sive material. 


770. What are the qualities of steel 2 


Steel is, at the present time, the most important material of 
construction. Its low price, combined with its great strength 
and toughness, permits its application to the largest and most 
severely-strained constructive members, both moving and sta- 
tionary. It can be forged or cast in any convenient form, and 
is readily obtained in form of plates, bars, and other shapes. 

A disadvantage is that it is rather readily influenced by rust 
and corrosion, requiring systematic and careful attention in 
order to preserve it against the action of moisture, oxygen 
and carbonic acid, and insure its continued usefulness. 

It is also attacked by galvanic action, in connection with 
copper or brass, upon immersion in a polarizing fluid. 

In regard to its percentage of carbon, steel occupies a 
middle position between cast iron and wrought iron. In com- 
mon with the former, it has a sufficiently low melting point for 
casting, and, in common with the latter, a sufficient toughness 
for forging. 


771. Which kinds of steel are recognized ? 


According to their varying percentages of carbon, three 
kinds of steel may be recognized : 

(TD Soft steels 

(2.) Medium steel. 

(3.) Hard steel. 

The first variety is nearest to wrought iron in carbon per- 
centage and qualities, being soft, readily forged, and, by care- 
ful handling, may also be welded. However, it lacks the 
quality of taking temper upon sudden cooling. It is used in a 
great many constructive parts of the boilers and engine, princi- 
pally the flanged and highly forged parts, furnace plates, 
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rivets and other details, which are exposed to alternate heat- 
ing and cooling, or to severe treatment by shaping and 
forming. 

The second division, medium steel, is naturally harder than 
soft steel. It is also readily forged and machined, but cannot 
· very well be welded. It will not take temper, neither will it 
harden upon sudden cooling in water. It is the most fre- 
-quently-used material for all kinds of engine forgings, boiler 
shells, etc., which require no very severe treatment during 
manufacture. 

Its stiffness renders it desirable as a material for piston 
rods, connecting rods, crank and other shafts, valve-stems and 
eccentric rods. Р 

Cast steel may be classed with medium or soft steel in the 
matter of carbon percentage, although it is less easily forged, 
and is not so tough as these two wrought varieties. This 
may be due to addition of other materials, such as silicon 
and manganese, which are needed for the production of sound 
and perfect castings. Steel castings prove very valuable con- 
structive members, and can frequently be substituted for forg- 
ings at considerably less cost. They are used for pistons, 
cylinder and valve chest covers, cross-heads, valve casings, 
columns, bearings and caps, bed-plates of high speed ma- 
chinery and numerous other details. 

The third division, hard steel, comes the nearest to cast iron 
in carbon percentage, and possesses, as its most important 
quality, a decided facility for tempering and hardening upon 
sudden cooling in water. Tempering is a modification of the 
extreme hardness of which the steel is capable, to the degree 
found best suited to the work imposed upon it. Thus, tools 
are made from this grade of steel, being tempered to yellow 
or blue, as required. For rapidly running machinery, where 
great strength and small weight are required, this kind of 
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steel offers an excellent material for piston and connecting 
rods, crank shafts, etc., frequently being oiltempered or 
strengthened by the addition of a percentage of nickel. 


772. What kinds of steel are recognized, according to 
methods of manufacture ? 


With modern methods, steel is produced by reducing the 


carbon percentage of cast iron to the desired amount. This 
may take place in two ways by: 

(1.) Bessemer process. 

(2.) Open hearth process. 


Another process of obtaining steel is by increasing the | 


carbon percentage of wrorght iron to the required point. 
This process is employed in the production of the highest 
grade tool steel, and consists in heating good raw material in 
a bed of charcoal, melting it in crucibles, and casting it into 
the desired shapes or forms. 


773. How is steel produced by the Bessemer process ? 
The Bessemer process of steel manufacture consists in blow- 


ing air into a vertical, pear-shaped converter, full of molten | 


cast iron. The air is blown in at the bottom, and rising 
through the molten mass burns the carbon. И the air admis- 
sion is arrested at the right time a steel of predetermined 
qualities and hardness may be obtained. 


The converter is tripped on trunnions and its contents 


poured into molds. 


Тһе ingots coming from these molds are then rolled into | 


plates or shapes, or forged out, as required. 
Bessemer steel is objected to by some engineers, as not pos- 
sessing uniformity of qualities throughout the material ob- 


tained from the same converter. Further, it is not always . 


possible to determine the exact point at which to arrest the 
admission of air, with consequent uncertain results. 
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| 774. How is steel produced by the open-hearth process 2 


The open-hearth process of steel production consists in de- 
priving the cast iron of its surplus carbon in a shallow furnace, 
where the molten material is exposed, on a broad surface, to 
passing currents of air and gases, which burn out the carbon. 

The molten mass can be mixed and stirred, and, by remov- 
ing a small amount as a sample, can also be tested. Ву this 
. means the reduction of carbon can be more accurately ad- 

justed to the desired degree. The open-hearth product is re- 
· garded by many engineers as more uniform in qualities, and, 
therefore, preferable for most purposes. 


775. What substances are frequently found in steel ? 


In addition to carbon, other substances such as phosphorus, 
sulphur, silicon and manganese, appear to a greater or less 
degree in steel. Steel may intentionally be mixed with cer- 
tain. other metals, mainly manganese, nickel, aluminum, 
chromium and tungsten, which may add strength, hardness or 
toughness, as desired. 


776. What influence has phosphorus upon the qualities of 
steel ? 
Phosphorus increases the hardness and brittleness, giving the 
steel the quality called “cold short." The percentage of 
| phosphorus in steel should not exceed from 0.04 to 0.08 of one 
per cent. 


777. What influence has sulphur upon the quality of the 
steel? 

Sulphur increases the brittleness of steel while hot, making 
it “red short," and interfering seriously with the shaping and 
forging of the material. It should not exceed from 0.02 to 
0.05 of one per cent. 
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778. What influence has silicon upon the quality of steel ? 

Silicon hardens steel, and helps to avoid unsoundness in 
ingots and cast steel. It is not considered objectionable 
below 0.2 of one per cent. 


779. What influence has manganese upon the quality of 
steel? - 

Manganese increases the strength, hardness and soundness 
of the,steel. With a percentage above three, the hardness in- 
creases to such an extent that the steel can no longer be ma- 
chined with ordinary tools. Тһе durability and resistance to | 
wear is enormous with steel containing from 3 to I4 per cent. 
of manganese. 


780. What influence has nickel upon the quality of steel? 

Nickel increases both the strength and toughness of the 
steel. Nickelsteel proves an excellent material for forgings, 
subjected to severe stresses, as shafts, connecting rods, piston 
rods, etc. It is less liable to crack than steel containing no 
nickel, and thus lasts considerably longer. 


781. What influence has aluminum upon the quality of 
steel? 
Aluminum acts upon steel largely in the direction of improv- 
ing the soundness of ingots and castings. 


782. What influence have chromium and tungsten upon 
the quality of steel ? | 
Chromium and tungsten increase the hardness of the steel, | 
without increasing the brittleness. Such steels are valuable for 
tools, as, even іп ‘an untempered state, they аге hard enough 
to scratch glass. 


783. What are the qualities of wrought iron ? 
Wrought iron is at the present time rarely used. It possesses 
less strength than steel and is more expensive, Its most valu- 
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able quality is the readiness with which it may be welded, 
which quality causes it to be preferred for certain constructive 
details, like walking beam straps, and similar closed forgings. 
It is also considered desirable for boiler tubes, stay-bolts and 
welded braces, and has been found to resist corrosion in 
boilers better than steel, particularly such wasting as shows 
in pitting. 


784. What are the qualities and the use of copper > 

_ Copper, after iron and steel the most important material, is 
very soft and ductile, and can, therefore, readily be forged and 
drawn into sheets, tubes or wire. It can be cast soundly, with 
skill and precaution, but blowholes are very likely to occur. 

Copper is valuable on account of its ability to be built up 
with pieces of intricate form from small sheets united by braz- 
ing. If well made, the brazing joints represent nearly the 
same strength as the solid metal, and can be bent and exposed 
to the same working temperature as the copper. Trouble with 
a brazed joint lies in the fact that copper, if heated up to nearly 
its melting point during the operation of brazing, loses its 
strength, becoming weak and brittle. When in this condition 
the copper is called * burnt." 

Copper, by its great ductility, is an excellent material for all 
pipes exposed to expansion and contraction under varying 
temperatures. With a few bends the pipe readily adjusts 
itself to the new temperature and length. 

For very high pressures and temperatures, copperis nolonger 
universally employed in large pipes or fittings, as the brazing 
carries with it such a degree of unreliability that steel and 
composition take its place as safer materials. Small solid drawn 
copper pipes are, in extensive scale, used for conveying steam 
and water on board of ship. 

Although copper does not corrode, it exercises a powerfully 
destructive galvanic action upon iron and steel, if immersed 
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together in a polarizing liquid, and is, therefore, not a desir- 
able material on steel hulls, in places reached by salt water or 
bilge, 


785. What are the qualities and uses of copper alloys ? 


The copper alloys are mainly mixtures of copper with tin or 
zinc, or with both. 

An alloy of copper and tin is frequently called bronze or 
gun metal; one of copper and zinc is called brass, and one of 
copper, tin and zinc is called composition. АП alloys possess- 
ing good strength contain copper as the largest part, and, by. 
judicious mixing, have also great toughness, rendering them 
highly valuable materials readily cast, drawn or forged into 
manifold shapes and forms. | 

The non-corroding quality of the copper alloys renders them 
highly valuable for all places where corrosion would destroy the 
tightness or smoothness of the joint or bearing. It is used, 
therefore, in stuffing-boxes, valve seats and spindles, air and 
water-pump cylinders, pistons and valves, condenser tube plates 
and tubes, bushings for propeller shafts and propeller blades. 
A great many special mixtures are in use, containing small 
quantities of iron, nickel, aluminum, lead, manganese and 
phosphorus, for giving a desired increase of strength or tough- 
ness. 


786. What are the qualities and uses of tin, zinc, lead and 
their alloys ? 


Tin possesses a low melting point and proves valuable for 
fusible plugs as safeguards against overheating onthe shell 
plates or boilers. Otherwise its principal use is as an ingredient 
in the manufacture of alloys. | 

Zinc is a valuable material for protecting iron and steel 
against galvanic action. It is, therefore, used in boilers, in sea 
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valve outlets and in other places where the steel is exposed to 
corrosion. It is also used in many alloys. 

Lead possesses the qualities of great softness and indiffer- 
ence of galvanic reaction toward iron and copper. It is readily 
drawn into pipes that are used for bilge suction. In form of 
sheets or wire, itis used for packing purposes. 

Alloys of lead and antimony, sometimes with additions 
of tin, zinc, copper oriron, prove valuable bearing metals, and 
are known under the names of white metal and Babbitt metal. 
These alloys are popular for use as bearing linings, because 
they can be readily applied to the bearing brass, where their 
softness relieves the shaft or pin of all wear. 


787. How are the chemical and mechanical qualities of ma- 
terials ascertained ? 


The qualities of materials are ascertained by tests. The 
chemical qualities, as well as the amounts of carbon, phos- 
phorus, sulphur, silicon, nickel, or other admixtures, are de- 
termined by analysis performed in chemical laboratories. 

The mechanical qualities, strength, toughness and elasticity, 
"аге measured, aside from special tests, by pulling a piece of 
the material in a testing machine. 


| 788. What is a testing machine and how is pulling of the 
material performed in it P 


` A testing machine is an apparatus in which a piece of ma- 
terial can be clamped and held by supports and exposed to a 
very strong pull. This heavy pull is obtained from a weight 
acting through a system of levers which intensify the pull. The 
piece of material is generally of a certain accepted shape, 
having often a length of eight inchesand a section of from one- 
half to two square inches. 
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789. What information is obtained by putting the material 
in a testing machine ? 

The information obtained by the pulling in the testing 
machine is: 

(1.) Elastic limit. 

(2.) Final rupturing stress. 

(3.) Amount of elongation. 

(4.) Contraction of the original area. 

As the pulling in the testing machine takes place by the 
action of a weight upon a certain area of section, it is natural to 
express the result in pounds of stress upon an area of one square 
inch. Thus, by gradually increasing the weight and pull in 
the machine, it is possible to find the point, or weight, at which 
the extension ceases to be uniform, which is the elastic limit. | 

By further increasing the load, or pull, the point of rupturing 
weight is finally reached. By laying the broken pieces to- 
gether, and measuring between the two marks, which were 
originally eight inches apart, the elongation is found. By 
measurement, the area, at the place of rupture, can be deter- 
mined for comparison with the area of the original section.  . 


790. What are the average values of strength, elasticity 
and elongation found in the different materials ? | 


The average values of the different materials are shown in 
the following table: 


Ultimate Tensile T Per Cent. 
Strength. NE Elongation , 
Pounds per sq. in. on q- 1m. in 8 inches, 
Саз EROS сб зли е 15,000-80,000 5,000-10,000 
Malleable cast iron.. .. 25,000-85,000 15, 000-20, 000 1.5 
Bortisteel а 50,000-62,000 32,000 25 
Меат ве... 62, 000-74, 000 35,000 22 
Steel castings...........| 60,000-70,000 85,000 10-15 
Hard steel..............] 174,000-100,000 42,009-60, 000 8-18 
WOU Int ILO. 45, 000-55, 000 22, 000-28, 000 10-15 
Copper pti 2-011325 30,000 10,000 85 
Composition, 2 95,000—40,000 10,000-15,000 5-15 
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‚791. Is it desirable to submit the materials to a stress 
equal to the ultimate strength P 


No. Materials are built into machinery for long continued 
usefulness and permanency of form. To resist a certain 
maximum stress the material is distributed in such quantities 
. that the stress on the unit of one square inch of section is con- 
siderably less than the ultimate strength, and even consider- 
_ably less than the elastic limit. The efficient performance of 
the engine depends upon the unchanged form of the parts, 
and it is, therefore, necessary to keep the load well within 
the elastic limit. 

Тће builders of the machinery decide upon a working load 
for the unit of sectional area, generally from $ to 3% of the 
ultimate strength, or from about 4 to $ of the elastic limit. 
The figures, 5 or то, by which the ultimate strength has been 
divided for determination of the working load, are called 
factors of safety. 


792. What other tests are made for determining the qual- 
ity of the material? 


Other tests for determining the quality of the materials are : 
(1.) Deflection or cross-breaking test. 

(2.) Cold bending test. 

(3. Hammering and drifting tests. 


793. How is the deflection or cross-breaking test made ? 


The deflection or cross-breaking test is made by supporting 
a bar of the material on two pivots, observing the deflection 
caused by placing weights on the middle of the bar, and in- 
creasing them until fracture finally results. 

The section of the bar is frequently one inch square, while 
the distance between the pivots is often twenty or twenty-four 
inches. 
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794. How is the cold-bending test made ? 


The cold-bending test is made by bending a strip, or bar, 
of the material back upon itself, or around a mandril, hav- 
ing a diameter of from one to three times the thickness of 
the piece. If the material stands the test, it will show no 
fracture on the outside of the bent part. This test is often | 
made, after the material has been heated a cherry red and 
then been plunged into water having a temperature of 82 
degrees Fahrenheit. 

Another method used for angles or shapes is to bend the 
flanges of the angles together, or to flatten them out, until 
they are іп one plane. With good material no fracture should | 
occur at the corner. 


795. How are the hammer and drift tests made 2 

Hammer tests are frequently made on pieces of rivet steel 
or iron, that are hammered on end, and flattened down to a 
thickness equal to about one-half the diameter, without flaws or 
cracks. 

Drift tests are made on plates by driving conical pins into 
small holes, thus enlarging them and swelling the metal up to a 
ridge around its circumference, without cracks or flaws. 


796. What forms of stress must the material resist in the 
operation of marine machinery ? 

The stressesthat the material must resist may appear in the 
following forms: 

(1.) Tension. 

(2.) Compression and deflection. 

(3.) Shearing. 

(4.) Bending. 

(5.) Torsion. 

АП parts of the marine machinery are during operation 
subjected to one or the other of these stresses, often alternat- 
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ing between one or the other, or they may be subjected to 
several of them at the same time. 


797. How is tension stress exerted 2 


Tension stress tends to pull the particles of the material 
away from each other in the direction of the longitudinal axis, 
as it occurs in determining the ultimate tensile strength in the 
testing machine. The total stress is upon all sections of the 
bar or rod at the same time. 


Fie. 184.—Diagram Illustrating the Action of Tension Stress, as described in Section 797. 


798. In what principal positions does the tension stress 
| exert itself in marine machinery ? 

The boiler braces and stay-bolts, holding the end heads to- 
gether and preventing their bulging, are subject to severe 
tension stress. 

The piston rod on the up stroke of the piston is subject to 
tension stress in the same way as is the valve stem on the 
downstroke. 

The boiler shell resists tension stress, tending to pull the 
top half away from the bottom half, under the pressure of the 
steam. 
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When the propeller is backing, it pulls upon that part of the 
line shafting aft of the thrust bearing. | 

As an example, it may be interesting to consider а stay-bolt 
spaced eight inches from its neighbors, thus being obliged to 
support eight times eight, or sixty-four square inches of plat- 
ing. If the pressure of the steam is 100 lbs. per square inch, 
the total load on the stay-bolt would be 6,400 Ibs. If the 
ultimate strength of the stay-bolt material is 64,000 Ibs. per 
square inch, and the factor of safety chosen is ten, then the 


/ 
/ 2 


Ела. 185.—Diagram Illustrating the Action of Compression Stress, as deseribed in 
Section 799. 
area of the stay-bolt, at its weakest point, must be one square 
inch. To realize the desired strength, therefore, the stay- 
bolt must have a diameter of about 1% inch at the bottom 
of its thread. 
| 


799. How аге compression and deflection stresses ех- 
erted 2 


Compression stress tends to push the particles of the ma 
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‘terial closer together in the direction of the longitudinal 
axis. 

If, however, the piece into which the material is shaped 
is very long, the particles may find it easier to move side- 
ways, instead of longitudinally, thus deflecting the bar or 

тоа. This will occur when the length of the rod is over about 
ten times its smallest transverse diameter. 

The deflection stress is, generally, the most severe one in 
long bars, and more material must, therefore, be provided for 
its resistance than for resisting a pure compression stress. 
While the total compression stress strains all sections alike, 
the deflection stress exerts its maximum influence at a point 
about midway from the two end supports, and, frequently, 
the section, at this point, is increased, with gradual tapering 
down toward the ends. 


800. Which are the principal positions in which compres- 
sion and deflection stresses occur ? 

Compression stress occurs in the furnaces of Scotch boil- 
ers, under influence of the longitudinal expansion of their 
material by the heat of the fire. The braces and outside 
shell, being more completely cooled by water, do not expand 
as much as the furnaces, and, therefore, compress them in 
longitudinal direction. Other applications of compression 
stress are represented by the packing between flanges, or in 
stuffing-boxes, in which cases the material is often strained 
beyond its elastic limit, with permanent change of form. The 
slipper guide cross-head is, on the downstroke, exposed to 
compression stress, which changes to tension stress on the 
upstroke. Compression stress is experienced also, locally, in 
the walls of the furnaces and in the tubes of fire-tube boilers, 
condenser shells, and similar closed vessels, the outside of 
which must endure a certain excess pressure. 

Cases of deflection stress are represented by piston rods 
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and connecting rods during the downstroke, while eccentric 
rods are subjected to deflection on the upstroke of the valve. 
The long connecting and eccentric rods of beam engines have 
special provisions, by tie-rods, or lattice-work, to prevent de- 
formation, under the deflection stress, thus making the rods 
stiff enough to receive and transmit the load simply under 
compression. 


801. How is shearing stress exerted 2 

Shearing stress tends to shear the particles of the material 
apart, transversely across the longitudinal axis, where the act- 
ing and reacting influences are in one and the same plane, but 


Fic. 186.—Diagram Illustrating the Action of Shearing Stress оп a Boiler Rivet, as 
described in Section 801. 
on opposite sides. The effort of the stress is concentrated | 
entirely upon the section in this plane, without affecting any 
other part. 


802. What are the principal positions in which shearing 
stress occurs ? 

The principal place where shearing stress is found is in the 
riveted joints. Thus, the steam pressure in the drum of a 
water-tube boiler tries to shear all the rivets in the circumfer- · 
ential seam, and to push the whole head out of the drum. 

Another case of shearing stress takes place in the narrow 
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strips of the drum sheet, outside of the rivets. If each of the 


pieces of plate, between the edge and the body of the rivet, 
should tear or shear out, the whole head would, also, be 
pushed out by the steam-pressure. 

Shearing stress occurs in the retaining influence of screw 
threads. 

All stay-bolts and braces attached by screw threads have a 


` tendency to pull off the holding nut, or plate, by shearing off 


the threads around the circumferential plane at the bottom of 
the thread. Numerous similar examples are found in the ге- 
taining nuts of piston, valve, connecting and cross-head bolts, 
bolts of bearings, cylinder heads and in other places. 


803. How is bending stress exerted ? 

Bending stress tends to separate the particles of the material 
transversely, across the longitudinal axis, and where the act- 
ing and reacting influences are not in the same plane, but are 
apart from each other by a certain leverage. Іп this case sev- 
eral sections experience a stress in varying proportions, de- 
pending upon their distance from the load or one or two sup- 
ports. 

A point of maximum stress can be found which should re- 
ceive a greater amount of material to keep the working load 
рег unit of section within a desirable limit. Less material is 
required for other places, but as it is often more convenient to 
have bars and rods of a fairly uniform section, the section of 
maximum stress only is proportioned fora certain working load 
per square inch, and the same sizes used for all other sections 
with a correspondingly higher factor of safety. 

The stresses, under the same load, vary directly as the 
length between the supports, or as the distance from the load 
to the support, and also directly with the breadth of the 
beam, but they vary in the second power of the depth of the 
beam. 
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For example: А bar one inch wide by one inch deep, sup- | 


ported on two knife edges, twenty inches apart, can carry 


twenty pounds of load in the middle of its length with a factor | 


of safety of ten. This same bar can support forty pounds of 
load, with the same factor of safety, if the knife edges are 
only ten inches apart, or it would have a factor of safety of 20, 
if only twenty pounds of load were placed upon it in this posi- 
tion of the supports. If the length of twenty inches remains, 
and the bar is increased in width to two inches, then the 
weight may be increased to forty pounds, or the factor of 
safety runs to 20, with the same load. But if the bar is in- 
creased to two inches of depth, retaining one inch of width, it is 


WEAKEST SECTION 


Fic. 187.—Diagram Illustrating-the Action of Bending Stress, as described in Section 803. 


able to carry twice two, or four times, its original load with 
the same factor of safety, or the factor of safety is increased 
four times, if the original load remains. 


804. What are the principal positions where bending stress 
occurs P 

Bending stress occurs in the flat plates of boilers, between 
the stay-bolts or braces, the bulging of which is due to bending 
stresses beyond the elastic limit. The girders on flat top fur- 
naces and combustion chambers are also subject to bending 
stress. 

In the engine, numerous parts are subject to bending 
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| stresses, such as the cylinder heads and the pistons, the crank- 
shaft, the propeller blades, at their connection to the hub, and 
in numerous other places. 


805. How is torsion stress exerted ? 
Torsion stress tends to separate the particles of the material 
by a circumferential twist around a shaft, upon which the act- 
. ing and reacting forces exert their influence at the end of a 
lever or crank arm. Іп this case all sections of the shaft ex- 
perience the same stress, and all shafting is, therefore, of fairly 
uniform diameter, except where subjected to combined stresses. 


Fic. 188.—Diagram Illustrating the Action of Torsion Stress, as described in Section 805. 
А is a fan wheel; B, the crank on the shaft. The arrow-headed line shows the direc- 
tion of the stress. 


The stress varies inversely in proportion to the third power of 
the diameter. Thus a shaft two inches in diameter can stand 
a torsional movement eight times larger than a shaft one inch 
in diameter, or it has a factor of safety eight times larger, with 
the same torsional moment. 


806. What are the principal places where torsion stress 
occurs 2 
Torsion stress occurs principally in all shafting. Other 
examples are valve spindles, upon which the hand-wheel exerts 
a torsional stress, most severely in the closing position, while 
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at the same time,a compression, or deflection, stress is exerted 
upon the spindle, through the wedging action of the screw 
threads. 


807. What forms of combined stresses occur in marine 
machinery 2 

There are manifold possibilities in marine machinery for 
combination of stresses. 

A valve spindle may thus be subjected, at the same time, 
to compression and torsion stresses. A crankshaft is an ex- 
ample of a combination of bending and torsion stresses. The 
crank webs are subjected to changing bending stresses, eccen- 
tric compression stresses, and torsion stresses. 

ТЕ is, of course, necessary to determine, as closely as pos- 
sible, the stress that will strain the matcrials most severely, 
and proportion the amount of material to suit this maximum 
stress. 
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SPECIMEN DATA AND STEAMSHIP: LOG. 


TRIAL В, 8. ^ WILKESBARRE.” 


НС. 22.22.2. 2. 5....... yet NOS TL ats 
B соо поста M E E E ия 157 it. 1n. 
BUTS on ont 6. DE CECI В ІҢ {E Gin: 


Engine—-Quadruple; diameters, 2012 in. x 30 in. x 485 in. x 60 
in.; stroke, 42 in. 
Air pump jet—Diameter, 36 in. x stroke 14 in. x Tr. 
Boilers : Cylindrical : 3—12 ft. біп. dia. x 12 ft. 8 in. length. 
Allowed steam pressure, 210 Ibs. per square in. 
Furnaces : 6 each, 44 in. inside diameter. 
Grate: 5 ft. 8 in. Jong X 115.2 sq. ft., total grate area. 
Heating surface: Total of 5,879 sq. ft. 


Heating surface __ 46.7 за. ft. 
Grate surface 
Howden hot draft. 
Blower : Diameter of wheel, 70 in.: discharge, 37 in. х 37 in.; 
engine, 7 in. х Тіп. 
Heater : 24 in. inside diameter x 9 ft. 8 in. long. 
. 38—2 in. brass tubes, 155 sq. ft. heating surface. 
Propeller : 4 blades, 14 ft. diameter x 16 ft. pitch x 72.4 sq. ft., 


exp. area. 
зори. ШОШ RO reme emet В КК wine wears 5.2. 200 Ibs. 
Jnd ама NOCUIT IT IT LS 90 Ibs. 
Second receiver. .. A AE e ore oii 40 lbs. 
Coo TEDA OU QUOND ОЕА 13 Ibs. 
Vacuum...... се ие 22 inches. 
ОВ POF MINULE еее 24. n a 84.79 
Неке рова feed per minute. . ... s: ......-........... 598.5 
Е г. су to iP . 516 
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ТЕР Tigh ha суйийөг. е. 441 
ТИН emcee One ela pr суйшйек cS Scere se на на» 481 
IC 425 В Ир ИО обо ово вова E 628 
И HARB total’... 7. а зона а 222222... 2,061 
Mean effective pressure referred to low pressure cylinder.36.8 lbs. 
Horse-power 
Grate surface "tttm e nnn 17.8 lbs. 
Ls EE E O S 2.6 Ibs. 
orse power 
JDO OY енге 7275222 ненае. 6 hours. 
Coal Burned, good quality, їої{а]..................... 16,200 158. 
(ОВ О О ЕР Тоат еен meth mm mene 2,700 Ibs. 
Coa BION рег ЕН. Р-н бе боља о 1.31 lbs. 
Coalthurmedeperisq: ft. of гта{е............. .... . 98.4 lbs. 
Revolutions of blower engine per minute. ............ 114 
Ао RDDIOWOTD- 2-.. ........%-.-.-.-......> 1.7 inches 
Temperature hot alr at Титпасев.................... 280 degs. 
ilemperaturednjecblon: уғайет....................... 64 degs. 
ШЕНИЕЛЕШШӨШОШІУЕП,.............-.-.:......--%5-% 130 degs. 
Temperature feed water after leaving heater......... 164 degs. 
SRE ©’ ОНО DOUT. sse seai an oe fae sje se eee e e 13.15 miles 
SBE E ВОО Ре али oa E ae 15.41 miles 
Sie G5 Об НОО case aa een Bie oe ES 14.7 per cent. 
Чо арам е о алершір;...............--....-.... 10.5 
OGGI GIC осоо ЗОР CCEEECREETELTTLT se eres Fine. 
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LIST OF SPARES FOR LARGE PASSENGER ANDE 


FREIGHT STEAMERS E 
* 


. I screw propeller, bored, keyed and fitted or 2 spare blades | 
fitted. = 

т propeller shaft complete, with composition sleeves, key 
and nut. > 

I section of crankshaft, turned and fitted, interchangeable | 
for any section. | 

т piston valve stem, with nuts and link block, interchange- 
able for all piston valves. 

1 slide valve stem complete. 

I pair main bearing brasses, fitted and interchangeable. 

т сар of main bearing, complete with studs and nuts. 

I pair crank pin bearing brasses fitted, complete with bolts | 
and lock nuts. 

I pair cross-head bearing brasses fitted, complete with bolt 
and lock nuts. 

I piston ring for each cylinder. 

12 follower ring bolts. 

I set coupling bolts, interchangeable for all couplings. 

1 complete suspension rod for each end of air-pump beam. 

I set valves for one air pump. 

6 valves, interchangeable for feed pump, bilge pump, donkey, 
fire main, etc. 

т set main brasses for auxiliary engine, interchangeable if 
possible. 

I complete connecting rod, interchangeable for all aux- 
iliaries. 

Piston packing for different pumps. 

I spring each for cylinder relief valves. 

I spring for feed pump relief valve. 

2 dozen condenser tubes. 

4 dozen packing glands or wooden ferules. 
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Several dozen studs and nuts for cylinder and valve chest 
covers, for pump covers and for stuffing-boxes. 

2 stay tubes for main boiler. 

12 plain tubes for main boiler. 

6 fire tubes for donkey boiler. 

1 set of grate bars for one furnace. 

т spring for main boiler safety valves. 

1 set water gauge glasses for one boiler. 


LIST OF NECESSARY TOOLS AND FITTINGS. 


1 portable forge and smith’s tongs. 

1 anvil with dies. 

т grindstone with trough. 

т workbench with drawers. 

2 vises complete. 

т bench drill press. 

2 dozen files. 

1 dozen chisels. 

2 dozen drills. 

2 rachet braces. 

т set of bolt thread cutting tools. 

г set of pipe thread cutting tools. 

4 saws for iron and wood. 

6 hammers of steel or copper. 

1 small laying-off plate. 

ү set fine tools, compasses, calipers, markers, steel straight 
edge, steel angle, level, plumb-bob, etc. 

т set soldering tools. 

1 tinsmith shears. 

т set Babbitt metal wooden mallets, stops, melting ladle, 
etc. 

2 crowbars. 

2 spring scales for 200 and for 50 Ibs. 
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6 condenser packing drawing tools. 

6 wooden packing driving tools. 

Wrenches for general and special service. 

3 monkey wrenches. 

I pipe cutter. 

2 pipe wrenches. 

2 coal sledges. 

12 iron coal buckets, with trolley wheel. 

4 iron ash buckets. 

2 iron water buckets. 

4 sets firing tools complete. 

I tube expander. 

2 tube sweepers. 

4 tube plugs. 

8 sets of boiler-cleaning tools. 

1 hydraulic pulling jack, ten tons, with trolley for one crane 
beam. 

2 differential blocks, 5 and 2 tons. 

2 smaller blocks, 1 and $ ton. 

2 jacks. 

6 paint brushes and brooms. 

1 copper tallow kettle. 

2 hose with nozzle for cooling ashes. 

Assorted bolts and nuts. 

Assorted round and flat bar iron. 

Assorted sheets of black and galvanized iron, copper and 
brass. 

Assorted wire, steel, iron, copper, brass, and lead. 

Assorted pipe, iron, copper and lead. 

Besides numerous small details and fittings as dictated by the 
experience of the engineer. 
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Absolute pressure, definition of, 15. 
Acid corrosion, 462. 
Acidity test for oils, 313. 
Acceleration, definition of, 1. 
Admission line, faulty, 405-406. 
mU angular, in marine engines, 
15 
Aerator, definition of, 241. 
Air, composition of, 7. 
escape of from boiler, 369. 
Air-heaters, 36. 
Air packings, characteristics of, 326. 
Air pump, 203, 214-218. 
breakdowns in.451. 
diagram (Ills.), 410. 
discharge pipe of, 276. 
overhauling of, 356. 
section of (Ills.), 215. 
substitutes for, 451. 
stuffing box, 219. 
supply (see Combustion). 
thermometer reading for, 413. 
vertical, 214. 
Aluminum, effect 'of, in steel, 476. 
v packings, characteristics of, 


Angle valve, 107. 
Ash-ejector, 242-943. 
Ash-hoist, 246. 
Ash-pan, 94, 99. 
Ash-pit door, 94, 97. 
Atmosphere, corroding influence of, 334. 
Atmospheric pressure, 15. 
Automatie valve, 121. 
Auxiliaries and propulsion of ships, 250. 
chief uses of, 225. 
connected, 223. 
independent, 222. 
operation of, 242. 
varieties of, 220. 
Auxiliary apparatus, inspection of, 358. 
laying up of, 365-366. 


Beam, walking, adjustment of, 340. 
Beam engine, bedplates and foundations 


of, 142. 

framing of, 139. 

setting valve-gear of, 357. 

valve diagram, 152. 

valve-gear (Ills.), 163. 

valve-lifting-gear of, 164. 

valve setting, rule for, 354. 
Bearings, breakdowns in, 431-439. 
Bed plate, 142. 


Dending stress (see Stress). 
Bends or outlets, how made, 280. 
Bessemer steel, objections to, 474. 
process of manufacture, 474. 
Bilge-ejector, steam jet (Ills.), 241, 
Blades, propeller, coating of, 199. 
materials of, 198. 
number preferred, 196. 
obliquity of, 195. 
piteh of, 195, 196. 
Blower (П15.), 247, 248. 
duets, 240. 
duty of, 246. 
Blowing out, prevention of, 324. 
Blow valves, accidents to, 427-428. 
bottom, 428, 
care in use of, 383, 
use of in removal of scale, 382-382. 
wear in, 359. 
Body of lubricant, 304. 
Boiler, air in, 369. 
arrangement of parts, 69. 
Babcock-Wilcox (Шв.), 61-63 
best form for, 31. 
Boyer (Ills.), 51. 
bracing, 69. 
breakdowns in, 421. 
casing of, 91. 
choice of, how affected, 62. 
circulation in, 35. 
classification of, 38. 
cleaning of, 333-388, 340, 386-387. 
condition of, how ascertained, 341. 
constructive materials of, 31, 65. 
corrosion of, 338. 
defects, caused by service. 337. 
efficiency, how ascertained, 413. 
emptying the, 333. 
explosions in, causes of, 384. 
feeding the, 231. 
fire tube, 38-48, 51, 53, 65-87, 376. 
advantages of, 51. 
disadvantages of, 53. 
joints of, how formed, 66. 
joint riveting of, 66. 
Ike in, 423-424. 
sweeping of, 376. 
flue, cracked, repair of (Ills.), 423. 
stopper, 494. 
Балада асбіоп іп, 839. 
andling with engine stopped, 386. 
heads, construction of, 72. 
principal duty of, 71. 
heating surface 01, 31, 32. 
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Boiler, heat losses in, 24. 

how filled, 342. 

hydrostatic test for, 341. 

important parts of, 38. 

inspection of, 64, 333, 337. 

laying up of, 563-364. 

manholes, construction of, 80. 

material, extra strain upon, 385. 
weakening of, 385. 

Mosher (Ills.), 58. 

Niclausse (Ills.), 52-53. 

overhauling of, 386-387. 

patch bolt, | 492. 

per formance of, 34. 

position in ship, 37. 

plates, bracing and staying, 83-87. 

(Ills.), 82, 83, 84, 86. 
cracked dls. ), 421. 
openings in, 70. 

prime function of, 31. 

principal types of, 38. 

reinforcement of parts, 69-70. 

Roberts (Ills.), 56-57. 

room, eare of, 342, 366. 
principal work in, 372. 

saddle, 92. 

Seabury (Шв.), 54-55. 

shell, construction of, 71. 
principal duty of, 71 

Steam space, 35. 

stiffening rings of, 69. 

test pressures for, 64. 

Thorneyeroft (Ills.), 59-60. 

try-cock (ПІв.), 114. 

tube end of, expanded (Ills.), 77. 

tubes, 90. 

vacuum in, how filled, 333. 

water level of, 36 

water space of, 35. 

water surface of, 35. 

water tube, 48-64, 88-93, 370. 

water tube leakage in, 425. 
advantages of, 55. 
disadvantages of, 55, 
fresh water a necessity in, 56. 
leakage in, 425. 
sweeping of, 376. 

Watson (Ills.), 49-50. 


working pressure in, how found, 
64 


water, acidity of, how determined, 
380 


quality and condition, 379. 
salt in, danger from, 381. 
Bottom blow valve, 116. 
Braces, leaky, remedy. for, 425. 
split, 423. 
Bracing of boiler plates, connected, 85. 
crowfoot, 87. 
independent, 84. 
Brazing, 477. 
Breakdowns in air pump, 451. 
ballast pump, 454. 
bearings, 431-432. 
bed plates, 430-481. 
bilge pump, 454. 
boiler, 421. 
circulating pump, 451. 
columns, 430-431. 
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Breakdowns, condenser, 433. 
connecting rod, 440, 
crank shaft, 444, 
cross-head, 440. 
cylinder covers, 429-430, 
donkey pump, 454. 
electrical machinery, 454. 
engine, 429 
fan engine, 455. 
feed pump, 454. 
fire pump, 454. 
piston, 438. 
piston rod, 439. 
propeller, 448. 
shafting, 448. 
stationary parts, 434, 
steering gear, 455. 
stern tubes, 488. 
valve driving gear, 442, 

stem, 439. 
valves, 438. | 

Bridge wall, 94, 99. О 

Ви епезз, 466. 

Вгопге, 478. 

Brushes, boiler cleaning, 337. 

Bulges in heating surface, remedies for, 

Bunkers, 298. 

Butterfly valve (see Throttle Valve). | 


Cams, exhaust and steam, 355. 
turning and setting of, 355. 
Carbon in iron, 470 
Carbonic acid, composition of, 7. 
Carbon monoxide in fuels, 10. 
Casings, outside, injury to, how caused, 


Cast iron, effect of manganese in, 471. 
effect of phosphorus in, 470. 
“ silicon іп, 470. 
ЫЫ sulphur in, 471. 
for machine construction, 471. 
kinds of, 470. 
qualities of, 469. 
special forms used, 471. 
Caulking, 323, 422. 
Cement, iron "rust, 323, 329. 
red lead, 329 
Check valves, defects in, 426. 
Chromium, effect of, in steel, 476. 
Circulating pump, breakdowns in, 451. 
function of, 219. 
centrifugal, 219. 
substitutes for (П15.), 452. 
overhauling of, 357. 
and engine (Ils. J 991. 
suction. pipe, 276. 
Clinker, 11, 374. 
Coal, advantage of, 13. 
amount of consumed, how ascer- 
tained, 412. 
average ‘heating value of, 11. 
characteristics of, 11. 
effect of impurities in, 11. 
substances found in, 11. 
varieties of, 11. 
соз and wood, relative fuel values of, 
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Coaling, precautions taken in, 362. 

Cock, three-way (Шв.), 395. 

Cocks, 387. 
repair of, 428. 

Cocks and valves, fitting of, 341. 

Mens stress (see Materials, Tests 

ог). 
combined stress (see Stress), 

Combustibles, 7. 
heat value of, 8. 

Combustion and fuel quality, 9. 
as related to draft, 9. 
chamber, 7. 

how built, 75. 
principal function of, 75. 
retarders, 77. 
tubes of, 76-77. 
conditions of, 8, 9, 10. 
definition of, 7. 
factors in regulating, 9. 
how measured, 9 
normal rates of, 9. 
products of, 7. 

Compression, early and late, 409. 
line, irregularities in, 409. 
stress (see Stress). 

Condensation, 203. 
jet, 203. 
surface, 203. 

Condenser, breakdowns in, 433. 
overhauling of, 355. 
shells, 208 
special forms of, 214. 
thermometer, reading of, 414. 

Condensing plant, function of, 203. 
preparation of, 371. 
piping of, 275. 

Connecting rod, 170-171. 
bearings, how adjusted, 345. 
breakdowns in, 440. 
cracked, repair of (Ills.), 441, 442. 

Copper, alloys of, 478. 
burnt, definition of, 477. 

qualities and use of, 477. 
effect of upon iron and steel, 477. 

Corner joints, use of, 89. 

Corrosion and rust, remedies for, 365. 
effect of, 338-339. 
how produced, 338. 

Corrosion, acid, 462. 

Cotton-seed oil, as a lubricant, 310. 

Coupling-dises, 174, 

Cracking, 422. 

Crank, dead center of, 352. 

Crank-pin oiler, telescopic (Шв.), 312. 

Crank pins, repair of, 444 

Crank-shaft, 172. 
breakdowns in, 444. 
fractured coupling on, 446, 

Crank webs, 174. 

Cross-breaking test (see Materials, Tests 


for). 
Cross-head, 168-169. 
aan connecting-rod, overhauling, 


bearings, how adjusted, 515. 
breakdowns in, 439-440. 

Cup system, central, 319. 
individual, 318. 
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Cut-off, faulty, 407. 
point, how measured, 354. 
Cylinders, 122-126, 134-135. 
auxiliary, overhauling of, 357. 
clearance, 122-123. 
covers, breakdown in, 429-430. 
lagging of, insufficient, 406. 
liner, 135, 429. 
defects іп, 499. 
inspection of, 343. 
ratio in compound engines, 125. 
steam, porosity in, 463. 


Dead centre of crank, 352. 
Defects, operative, how found, 388. 
Deflection stress (see Stress). 

test for materials, 481. 
Deformation of materiais, 407. 
Diagonal direct-connected engine, 129- 

133, 142. 

engine, bed-plate of, 142. 
“Doctor” pump, 232 (Ills.), 240. 
Donkey boiler, 36. 

pump, 232, 369, 
Down-comers, 88, 91. 

water-tube boiler, 50. 
Draft, artificial or forced, 9, 247. 

checking of, 376. 

induced, 248. 

Howden (diagram), 249. 

how regulated, 274. 

limits of differing ratios in, 33. 

natural or funnel, 8. 

through fuel, how regulated, 374. 
Drain valve, 180. 
Drift test (see Materials, Test for). 
Drilling or boring, 457. 
Drop, 125. 
Drums, steam, 89. 

water, 89. 
Dry dock, placing ship in, 359. 
Dry-pipe, internal, 81 


Dynamo, 250. 
Eccentric, angular advance of, 147 (Ills.), 
148, 149. 

repairs of, 442-444, 

rod, 166. 

strap, 166. 

broken, method of repairing 
(Шв.), 440. 


Ejectors, 235 (Ills.), 236. 
condenser, 214. 
Elastic limit, definition of, 467. 
Elasticity of materials, definition об 
466. 
Electric current, distribution, 290. 
lamps and motors, 291. 
machinery, breakdowns in, 454. 
switchboard, 290. 
wiring, 290. 
Energy, conservation of, 4. 
definition of, 3. 
forms of, 3. 
how transformed, 4. 
Engine, different types of, 125. 
economy of, how determined, 389. 
effect of rust on, 364-365. 
efficiency of, how ascertained, 413. 
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Engine, laying пр of, 364-365. 
main, exhaust pipes of, 276. 
receiver of, 270. 
multiple cylinder, 126. 
position of, 131. 
precautions taken with, 343. 
room, care of, 366. 
fittings of, 292. 
flooring, 224. 
galleries, 294. 
platform, 294. 
starting the, 370, 372. 
steam steering, 253. 
stern wheel (Ills.), 130, 181 (Ills.), 
2. 
working, observation of, 417. 
Engineer, chief labor of, 461. 
necessary attention by, 388. 
Escape pipe, safety valve, 265. 
Evaporation, drop in, 377. 
петао and heating surface, ratio 
of, 34 
Evaporator, 237 (Шв.), 244, 245. 
parts of, 241. 
Excess pressure, 284. 
Exhaust cams, 355. 
lead, faulty, 408. 
pipes, auxiliary, 270-272. 
piping, 270. 
steam feed heater (Ills.), 239. 
Expansion, law of, ?1. 
law of steam, 16. 
Expansion joints, 266. 


Faces, preparation of, for packing, 323- 
324. 


Fan engines, breakdowns in, 456. 
Feed check, 114 
heater, temperature of, 415. 
heaters, 232. 
pipe, internal, 1 15. 
pump, 232 (Ше. ), 233-234. 
regulator, 116. 
temperature of, 415. 
water, measurement of, 411. 
water and steam generation, 889. 
Feed and bilge pump (Шв.), 
Feeding, how regulated, A 
Feeding and firing, connection between, 
377. 
Fire, banking the, 386. 
cleaning the, 874-875. 
how built, 368. 
how tended, 872. 
precaution in lighting, 368. 
Firebrick as a heat conductor, 10. 
Fire door, 94, 97. 
doors, effect of opening, 873. 
gases, 94 
room, abandonment of, 428. 
ventilation of, 250. 
Fire-tube boiler, common forms of, 38. 
Firing and feeding, connection between, 
377 


fluctuations in, 372-373. 
Fish oil as a-lubricant, 309. 
Fittings, defective, where found, 425. 
Fixed carbon, manner of burning, 8, 


INDEX. 7 


Flange connections, 280 (Ills.), 280, 281. 
Flanges and stuffing boxes, adjustment 


of, 389. 
Floats, paddle- -wheel, 191-198. 
Flooring of engine room, 294. E 
Flue and return tube boiler (see Leg b 
Boiler). 

Fluid substances, working, 461. 
Foaming ог priming, 38: 

prevention of, 384. 
Foot-pound, definition of, 2. 
Force, definition of, 1. 
Forced draft (see Draft, Forced). 
Forge, improvised (Ills.), 447. 
Framing, 138-140. 
Fresh water tanks, 298. 
Friction, components of, 301. 

definition of, 301. 

varieties of, 301. 
Friction and lubrication, 802, 

and materials of bodies, 302. 
Fuel, amount and distribution of, 878. 

choice of, 12. 

coal, 11. 

heat losses of, 24. 

оп 12. 

ood, 12. 

Fuels, Мир 10. 

percentage of heat losses in, 25. 
Funnel, repair of, 342. 

draft (see Draft, Natural). 
Furnace, different forms of, 74, 

how built, 73. 

principal duty of, 72. 

ends, types of (lis. ), 72. 

fittings, repair of, 842. 

front, 94, 

shell, corrugations of (Ills.), 70. 
Fusible plug, 114, 116. 


Galvanic action, in boiler, 889. 
where found, 462 
Gases, compression and exhaustion of 
(Ills.), 17. 
Gasket, replacing defective (Шв.), 434. 
Gas passages, proper arrangement of, 34. 
Gate valves, 284. 
Gauge board, 292. 
glass, reading at sea, 378. 
pressure, definition of, 15. 
Gland packing, advantage of, 211. 
Globe valve, 283 (Ills.), 
Governor, marine, 293. 
Graphite as a lubricant, 306. 
as packing, 329. 
formation of, from carbon, 470. 
Grate, 94. 
аген and heating surface, ratio of, 


how measured, 88. 
bars, 97-98. 
disabling of, 375-876. 
bearers, 94, %- 98. 
dimensions of, proper, 32. 
functions of, 32. 
Gravity, acceleration rate of, 2. 
influence of, 1. 
Guides, 188. 
Gun metal, 478, 
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Hammer test (see Materials, Tests for). 
Hand-hole (Шв.), 81. 
Headers, 90. 
Heads, staying of, 89. 
Heat, conduction of, 6. 
conductors and non-conductors, 6. 
effect on liquids, 5. 
effect on various substances, 5. 
energy and work, 121. 
how transmitted, 6. 
latent, definition of, 6. 
losses of fuel, 24. 
in steam engine, 24-25. 
mechanical equivalent of, 4. 
radiation of, 6. 
sensible, 4. 
how measured, 5. 
specific, 5. 
Heating surface (see Boiler). 
bulges in, remedies for, 422-423. 
ОЕ heat transmission of, 


Horizontal direct-connected engine, 131. 
Horseshoes, warped or broken, 438 
Horse-power, definition of, 3. 
heat equivalent of, 25-26. 
Hot well, 216. 
Howden draft, air heater of (Ills.), 251. 
furnace fittings of, 100. 
general arrangement of, 249. 
Hydraulic bolt extractor (Ills.), 296. 
pulling jack (Ills.), 295. 
Hydrocarbons, combustion of, 7, 10. 


Ice machine, 252. 
Independent auxiliaries, how driven, 223. 
Indicator, attachment of, 392. 
card (Ills.), 398, 400, 401, 403, 407, 
410, 416. 
admission line of, 403. 
averaging by planimeter, 399. 
defective, 403. 
definition of, 391. 
exhaust line of, 402. 
for various forms of engines, 
410-411. 
how obtained, 393. 
how taken, 394. 
pressure lines in, 402. 
reading of, 19-22. 
reading of by ordinates, 398. 
three-way cock of (Ills.), 395. 
connected to pipes or pumps, 411. 
construction and arrangement of 
391-393. 
diagram and mean effective press- 
ure, 398. 
facts found by, 397. 
gear, 181. 
operation of, 393. 
preparation of, 396. 
reading of, 397. 
reducing gear of, 391 (Ills.), 394. 
spring of, 396. 
steam engine (Ills.), 390, 392. 
where applied with advantage, 409. 
Injector, 234-235. 
Interchangeable parts, convenience of, 
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Iron, effect of copper on, 477. 
wrought, qualities of, 476. 
Iron and steel, forms of, 469. 


Jacket valve, 180. 
d condensation, injection pipes for, 


Jet condenser, 206 (Ills.), 207. 


Lagging, 83. 
Lamps and motors, electrical, 291. 
Lap, valve, and port width, 350. 
Laps, 149, 151. 
Lard oil as a lubricant, 309. 
Laying-up, definition of, 363. 
Lead, qualities and use of, 478. 
red, 323. 
Lead, 149. 
faulty, indications of, 405. 
how measured, 354, 
what it determines, 352, 
Lead and angular advance in valve dia- 
gram, 353. 
Leakage from cracks, 422. 
Leg boiler (Ills.), 44-45, 46. 
distinctive features of, 45. 
form of furnace of, 74. 
Lifting valves, 156. 
Lignum vitz lining, renewal of, 360. 
Line shafting, 174. 
Liners, cylinder, 135, 429. 
Linking up, 153. 
Link motion, 157. 
Stephenson (Ills.), 157. 
Links, forms of, 161. 
slip of, 162. 
Linseed oil as a lubricant, 311. 
Locomotive boiler (Ills.), 42. 
distinctive features of, 43. 
principal parts of, 43. 
Log-book record, 417. 
Log, ship's, specimen entries, 493-495. 
Lubricant, body of, definition, 304. 
choice of, how determined, 325. 
fluidity of, 304. р 
provision for retaining and saving, 
321 


classification of, 306-307. 
fundamental duty of, 301. 
how applied, 314. 
qualities of, 304-306. 
solid, 306. 
Lubricating cups (Шв.), 310. 
Lubrication, cost of, 303. 
effect of, 303. 
external, distribution of, 318. 
external, methods of, 316, 
insufficient, effect of, 302. 
internal, methods of, 315. 
management of, 387. 
and friction, 302. 
and oil-entrance, 321. 
Lubricator, force pump (Ills.), 311. 
suction wick, 318. 
Lubricators, repairing of, 361. 
Lugs, 137. 


Machine, definition of, 3. 
Machine shop, fittings of, 456. 
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Machinery, protection of, 366. 
масы plant, facilities for observing, 
295. 
Mahoney brackets, 194. 
Main bearings, 142-143, 
Manhole, 81 (Шв.), 80. 
Manganese, effect of in steel, 476. 
effect of in cast-iron, 471. 
Manhole covers, inspection of, 339. 
Marine machinery, materials for, 469. 
Marshall valve gear (Ills.), 159. 
Mass, definition of, 2. 
Materials, constructive, 461. 
chemical qualities of, how ascer- 
tained, 479. 
cost of, 467. 
weight of, 468. 
cheap, when advantageous, 468. 
deformation of, 467. 
elasticity of, definition of, 466. 
hardness of, definition of, 463. 
degree of, how expressed, 463. 
importance of, 464. 
mechanicalqualities of, how ascer- 
tained, 479. 
Softness of, 464. 
strength of, 464. 
stresses to which they are subject- 
ed, 482. 
Stretching of, 466. 
tests for, 481. 
toughness of, definition of, 465. 
ме, solid, chemical qualities of, 
62 


mechanical qualities of, 462, 480. 
Materials and stress, 481. 
Mean effective pressure, definition of, 19. 
how found, 398. 
Mean effective pressure and indicator 
card, 398. 
Mechanical losses, 24. 
Method of averaging diagram (Ills.), 418. 
Маке of engineers, how prevented, 


295. 
Mud drums, 81. 
Multiple expansion, 126. 
engine, 430. 


Nickel, effect of, in steel, 476. 


Oil, as fuel, 12. 
compared with wood and coal, 12. 
cottonseed, 310. 
disadvantages of, 13. 
fish, 309. 
heating value of, 12. 
lard, 309. 
linseed, 311, 329. 
Neatsfoot, 309. 
olive, 310. 
rape, 310. 


whale, 309. 
Oil cup (Ills.), 314, 316, 817. 
Oil cups, how constructed, 820. 
Oil packings, characteristics of, 826, 
Oiler, centrifugal crank pin, 320. 
for crank pin (Ills.), 312. 
Oils, acidity test for, 313. 
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Oils, animal, characteristics of, 809. 
lubricating, 309-311. 


mixed, 311. 
mineral, flashing bees of, 308. 
cold test, point of, 808, 


tests for, 818. 
Oil tanks, 298. 
Olive oil as a lubricant, 310. 
Open-hearth steel, advantage of, 475. 
process of manufacture, 474. 
Outlets or bends, how made, 280. 


Packing, asbestos, 330. 
Babbitt metal, 330. 
canvas, 881. 
effect of retained fluid on, 323. 
for moveable parts, 327, 899. 
for stationary parts, 826, 328. 
hemp, 332. 
how applied, 328. 
metallie, 330. 
paper, 331. 
preparation for, 323-324. 
pressure upon, 828, 
purpose of, 323. 
rubber, 331. 
use of machine tools in, 324. 

Packings, classification of, 325-326. 

Paddle wheel, action of, 189. 
characteristics of, 186. 
feathoring, 192-193 (Ills.), 190, 191. 

Paddle-wheel engine, framing of, 139. 
floats, 191-193. 
propeller, action of, 189. 
characteristies of, 186. 

Pass-over valve, 178. 

Phosphorus in cast-iron, effect of, 470. 
in steel, effect of, 475. 

Pipe connections, how made, 279. 

Pipes, auxiliary, 270. 
exhaust, 270-272. 

Piping, bilge and ballast, 276. 
classification of, 259. 
condensing plant, 275. 
copper or brass, 261, 276. 
duty of, 259. 
expansion joints for (Ills.), 275. 
feed, 276. 
galvanized iron, 276, 278. 
in bulkheads and tanks, #82. 
inspection of, 358. 
iron and steel, 259. 
laying up of, 366. 
lead, 263, 278. 
steam, characteristies of, 263. 

requirements in, 263. 
water, requirements in, 263. 
from central oil cups, arrangement 


of, 320. 
Piston, action of steam on, 16, 23. 
breakdown in, 438. К 
Е engine, repair of (Ills.), 
function and construction of, 167. 
leaky, effects of, 406. 
reciprocation of, 23. 
low pressure, method of repairing 
cracks in (Ills.), 486. 
overrunning of, 444, 


INDEX. 


Piston pump, 226. 
rod, breakdown i in, 439. 
construction of, 168. 
of етише engine, repair of 
(Ills.), 443 
speed of, 123. 
substitutes for, 454. 
Pitting, cause of, 339. 
effect of (Ills.), 338. 
Planimeter, type of (Ills.), 418. 
Plates, remedies for cracked, 421. 
Plugging, 423. 
Porosity, definition of term, 462. 
when desirable, 463. 
Ports, 134, 135. 
opening of, how -hown, 402. 
Port width and valve lap, 350. 
Power measurement, 2. 
Pressure, absolute, 15. 
and temperature, 15. 
effect on evaporation, 15. 
effect on volume, 15. 
gauge, 15. 
regularity of, 404. 
mean, 19. 
variation of, 404. 
Priming, 383-384. 
definition of, 35. 
Propeller, action of, 23. 
breakdowns in, 448. 
office of, 185. 
slip of, 185. 
varieties of, 23-24, 186. 
hub, repair of, 448-449. 
shaft, improved design of (Ills.), 445. 
Pulsometer, 226. 
Pump, ballast, breakdowns in, 454. 
bilge and ballast, 234. 
bilge, breakdowns in, 454. 
cylinders, 230. 
distiller, 241. 
“Doctor, ? (see “Doctor” Pump). 
donkey, 369. 
efficiency · of, 229. 
feed, breakdowns in, 454. 
fire, 236. 
‘breakdowns in, 454. 
fresh-water, 236. 
links, ге air of (Шв.), 449. 
overhauling of, 357. 
а gand reciprocating action 
о 
sanitary, 236. 
uses on shipboard, 281. 
valves, automatic, action of, 227. 
difference in ressure, how es- 
tablished, 2 
раша compression effect, 


maximum suction pressure, 228. 
wheel, 226. 
Poppet-valve engines, 137. 
gears, 164. 


Quicklime used for drying, 364. 
Quiggins evaporator (Ш5.), 244. 


Radial paddle wheel (Ills.), 187, 188. 
characteristics of, 189-191. 
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Radial valve gear, 160. 
Rape oil as a lubricant, 310. 
Re-Babbitting, 344. 
Receiver piping, 270. 
space, 124. 
Red lead, 333. 
Relief valve, 179. 
in pumps, 231. 
Reciprocating pumps, overhauling of, 
357. 


Repairs, tools used for, 456. 
Resistance and coal consumption, 26. 
and speed, ratio of, 26. 
definition of, 2. 
to ship, components of, 26. 
Reversing gear, 157-165 
steam, 165. 
Revolution counter, 292. 
Riveting, details of (Ills.), 68. 
Rivets, boiler, inspection of, 339. 
Rocking levers, repair of, 440, 
Rust and corrosion, remedies for, 365. 


Saddle, boiler, 92. 
Safety valve, 103-106. 
defects in, 426. 
Salinometer cock, 116. 
Scale, 385-836. 
and foreign matter, removal of, 


and heat transmission, 336. 
prevention of, 381. 

removal of, 386-887, 382. 
salts in, 335. 

sources of, 335-336. 

Scotch boiler, distinctive features of, 38, 
form of furnace, 73. 
important parts of, 39. 
special forms of construction of, 39 

Scraper, boiler-cleaning, 337. 

Screw engine, bearings of, 144-145. 

Screw gland, types of (Шв. ), 212. 

Screw propeller, action of, 194. 
characteristics of, 187. 
constructive materials of, 195-199. 
details of (Ills.), 195-197. 
overhauling of, 360. 
points affecting, 196. 
repairing of, 361. 
shaft of (Ше. ), 173. 
varieties of, 196. 

Screwed fittings, 282. 

Seabury triple expansion engine (Ills.) 

128. 


Seams, boiler, inspection of, 339. 
Sea valves, 288. 
overhauling of, 359. 
repair of, 434. 
Seizing, 302. 
Semi-steel, 471. 
Separator, steam (Ills. > 265, 268, 270. 
Shaft coupling (Шв.), 171. 
Shafting, alignment of, 348. 
breakdowns in, 448. 
fractures in, 448-449. 
faults in, 347. 
lining- -up of, 347. 
over hauling of, 346, 361. 
Shafting alignment, "test on, 348, 


506 


Shearing stress (see Stress). 
Shims, use of, 345, 346. , 
Sickles cut-off gear, inspection of, 349. 
Sight feed oil cup (Ills.), 814. 
Silicon in steel, effect of, 475. 
in cast-iron, effect of, 470. 
Slide and piston valves, 437. 
Sliding valves, 154-156. 
Slip of propeller, 185. 
Slipper guides, 138. 
overhauling of, 344. 
Sluice valves, 286 
Smoke boxes, 94, 99. 
Smokestack, 94, 99-101. 
Soda solution for cleaning, 355-356. 
Spare parts, etc., provision made for, 


Spares, lists of, 496. 

Speaking tubes, 293. 

Speed indicator, 292. 

Sperm oil as a lubricant, 309. 

Stack, effect of height on draft, 8. 

Stationary parts, breakdowns in, 434. 

Starting valve (see Pass-over Valve). 

Stay-bolts, boiler, inspection of, 339. 
leaky, 425. 

Steam, absolute pressure of, 18. 
admission line, faulty length of, 405. 
cams, 355. 
condensation in cylinder, 22. 
cylinders, auxiliary, 244. 
definition of, 14. 
deflection of, 268. 
distribution, 147. 
dome, 81. 
drum, 48, 81. 
engine, fundamental function of, 

121. 
heat losses in, 24, 25 
mechanical losses in, 26 
performance of, expressed, 25. 
stationary parts of, 134, 
turning effort of, 23. 
type of filter-grease extractor 
for (Шв.), 225. 
evaporation, temperature of, 14. 
exhaust line, falling and rising of, 
40 


expansion, effect of, 18. 
law of, 16. 
expansion line, irregularities of, 406. 
factors of, 151. 
gauge, 102-103 
generator, subdivision of, 36. 
getting up, 368. 
heat units in production of, 14. 
how produced, 14. 
how shown, 399. 
irregularities of, 404, 406. 
packings, characteristics of, 825. 
periods of action in cylinders, 122- 
23. 
pipe, main, 266. 
methods of repairing (Ills.), 435. 
thermometer, reading of, 413. 
pipes, important, 263. 
practical heat percentage of, 25. 
saturated, definition of, 16. 
separator (Ills.), 265. 


INDEX. 5 


Steam, stop valve, 106-108, 109. 
superheated, definition of, 16. 
superheaters, 36. : 
toes, functions of, 354, 
trap (Ills.), 274. ү 

Steaming radius and coal consumption, у 


how effected, 26. © 
Steel, wh and disadvantage of, 


and iron, why used, 464, 465. 

Bessemer, 474. 

cast, 478. 

castings, uses of, 473. 

effect of aluminum in, 476. 

chromium in, 476. 

copper upon, 477. 

manganese in, 476. 

nickel in, 476. 

phosphorus upon, 475. 

silicon upon, 475. 

sulphur upon, 475. 

tungsten in, 476. 

hard, 473. 

kinds of, 472. 

manufacture of, 474. 

medium, 473. 

open-hearth, 474-475. 

qualities of, 472. 

soft, 472. 

advantage of, 466. 

substances found in, 475. 
Stress, 482-490. 

bending, 487-489 (Ills.), 488. 

combined, forms of, 90. 

deflection, 485-486. 

maximum, points of, how found, 


487. 
shearing, 486-487 (Ills.), 486. 
tension, 482-483 (Ills.), 483. 
torsion, 489-490 (Ills.), 489. 
variability of, 487. 
Steering engine, 253 (Ills.), 254, 255. 
gear, breakdowns in, 455. 
Stern tube, 144. 
breakdowns in, 438. 
overhauling of, 360. 
Stern wheel engine, 140, 142. 
Stop-valve, 177. 
steam, defects in, 497, 
Strainers, 289-290. 
Е of materials, importance of, 


Stroke, what it determines, 351. 

Stroke and valve laps, proportion of, 351. 

Sulphur in cast-iron, effect of, 471. 
in steel, effect of, 475. 

Superheater, 79. 

Surface blow-pipe, 117. 

Surface condenser, 206 (П15.), 205, 208. 
galvanic action in, neutralized, 209. 
tubes of,how constructed and filled, 

209-210. 
used as jet condenser, 209. 
vacuum in, 209. 

Sweating, how avoided, 367. 

Switchboard, electrical, 290. 

Syren, steam, 108-109. 
valve, 108-109. 


INDEX, 


Tachymeter (see Speed Indicator), 
Tail-shaft of screw propeller (Шв.), 175. 
Tallow, 329. 
аз а lubricant, 309. 
test for purity of, 314. 
Telegraphs, mechanical, 293. 
Temperature, determination of, 388. 
effect of, on pressure, 15. 
reading, facts derived from, 413. 
Template, use of, 422 
'Tension stress (see Stress). 
Test cock, 111-114. 
reading from, 379. 
Testing machine, 479. 
Thermal unit, definition of, 4. 
Thermometer, 292. 
definition of, 5. 
Throttle valve, 177 s ), 178-179, 450. 
Thrust-bearing, 143, 174, 432. 
overhauling of, за. 
Tin, qualities and use of, 478. 
Toes, steam, functions of, 354. 
Tools, list of, 497. 
Torsion stress (see Stress). 
Trammels, use of, 348. 
Tube packings, 210-211. 
Tube plates, 212. 
Tubes, boiler, inspection of, 339. 
leaky, 423. 
repair of, 423. 
Tube sheet, cracked (Ills.), 421. 
stopper (Ills.), 424, 425. 
Tungsten, effect of, in steel, 476. 
Turning effort of steam engine, 23. 
Turnover engine, 246. 


Uptake, 78, 94. 


Vacuum, definition of, 15. 
gauge, reading of, 417. 
substitutes for, 451. 
Valve-lifting gear, of beam engine, 164. 
poppet valve engine, 164. 
Valves, oa and construction 
о 
breakdowns in, 438. 
blow, accident to, 427. 
broken, how repaired, 426. 
check, defects in, 426. 
chests, 134-137. 
defects in, 427. 
diagram, construction of, 349. 
dimensions and operation of, 230. 
driving-gear, breakdowns in, 442. 
feed check, 284 
forms of, in common use, 153. 
gate, 984 (Ills.), 285. 
gear, function of, 146-147. 
overhauling of, 348 
radial, 160. 
globe, 283. 
inspection of, 343 
lap and port width, 350. 


laps and stroke, proportions of, 351. 


lifting, 156. 

manifold, 290. 

marine parctice. 283. 
maximum opening of, 350, 
safety, defects in, 426. 
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Valves, sea, 288. 
setting, 349. 
slide and piston, 487. 
sliding, 154-156. 
sluice, 286. 
stem, breakdowns in, 439. 
steam stop, 284. 
stroke and lap, 151. 
throttle, 284-285. 

Valves and cocks, 283. 

Vegetable oils, 310. 

Ventilators, 250. 

Vertical boiler, features of, 40. 
flush tube (Ills.), 41. 
principal parts of, 41. 
submerged tube (Шз. ), 40. 

Vertical slide engine, valve diagram of, 

150. 


Vertical screw engine, 138-142. 
bedplate of, 141. 
foundation of, 142. 
framing of, 138. 

Voyage, preparations for, 361. 


Walking-beam engine, 127, 170. 
Water, ‘boiling point of, 5. 
chambers, 90. 
chest, 919. 
feed heaters, 36. 
feed, regulation of, 376. 
freezing point of, 5. 
gauge, 111-113. 
gauges, fitting of, 341. 
hammer, 116, 410. 
level, determination of, 378. 
how preserved, 876. 
maximum density of, 5. 
packings, characteristics of, 325. 
pipes, principal, 274. 
repair of, 434. 
service pipes, 278. 
specific heat of, 5. 
tanks, readings in, 412. 
tube boilers, constructive mate- 
rials, 88. 
how classified, 48. 
joints of, 88. 
main parts of, 49. 
uneven heating of, 369. 
vapor, composition of, 7. 
Weight of materials, estimating, 468. 
Western river boilers, 75 (Ills.), 47. 
distinctive features of, 47. 
Wheel pumps, 226. 
Whistle, steam, 109-110. 


pipe, 265. 
valve, 108-109. 
Wick and gland packing, details of 
(Ills.), 210. 

Winches, 256. 

Windlass, 256. 

Wiper, oil cup, 317. 

Wood, as fuel, 12. 
disadvantages of, 13. 
heating value of, 12. 
packing, 211. 


Zine, its use in boilers, 340. 
qualities-and use of, 478. 
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Hawkins’ Self-Help 
Mechanical Drawing. 
Price, $2. 


This volume contains 320 pages, 300 illustrations, 
diagrams and suggestive sketches; it is attractively 
and strongly bound in green cloth, with full-gold 
edges and titles, making a handsome book, 7x10 
inches, for the library, for study and ready reference. 


It is superfluous for the publishers to say aught 
concerning the importance of knowing how to draw, 
and the utility of draughting in industrial pursuits ; 
but the fact cannot be too frequently reiterated that 
the education of the mechanic is incomplete without 
a knowledge of drawing. 


CONTENTS. 


The work has been carefully arranged according 
to the fundamental principles of the art of drawing, 
each theme being separately treated, and many 
examples given for practice. A list of the subjects 
are given below, all of which are plainly described 
and illustrated. 


Chalk Work. 
Preliminary Terms and Definitions. 
Freehand Drawing. 
Geometrical Drawing. 
Drawing Materials and Instrument: 
Mechanical Drawing. 
Penciling. 
Projection. 
<“ Inking in” Drawings. 
Lettering Drawings. 
Dimensioning Drawings. 
Shading Drawings. 
Section Lining and Colors. 
Reproducing Drawings. 
Drawing Ofjice Rules. 
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Designing Gears. 
Working Drawings. 
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Linear Perspective. 
Useful Tables. 
Personal, by the Editor. 


The practical instructions given in this volume 
are in helpful language, such as a teacher would use, 
and it is to be hoped that the book will serve, at 
least, as a stepping stone toward a thorough mastery 
of the draughtsman’s 22%. 
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Electricity. 
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Practical 
Treatise 


Price, $2. 


This volume contains 550 pages of valuable informa- 
tion, 3oo diagrams and illustrations, handsomely 
bound in heavy red leather, with gold edges, making 
a handy pocket companion, replete with invaluable 
knowledge; size 4% x 6% inches. 

This book has been issued in response to a real 
demand for a plain and practical treatise on the care 
and management of electrical plants and apparatus— 
a book to aid the average man, rather than the invent- 
or or experimenter in this all-alive matter. 

Hence the work will be found to be most complete 
in this particular direction, containing all the (book) 
information necessary for an experienced man to take 
charge of a dynamo or plant of any size. 

So important isthe subject matter of this admirable 
work that there is only one time to order it and that is 


NOW. 


CONTENTS. 


The Dynamo; Conductors and Non-Conductors; 
Symbols, abbreviations and definitions relating to 
slectricity arts of the Dynamo; The Motor; The 


Care and Management of the Dynamo and Motor. 


Electric Lighting; Wiring; The rules and require- 
ments of the National Board of Underwriters in full; 


Electrical Measurements. 


The Electric Railway; Line Work; Instruction and 
Cautions for Linemen and the Dynamo Room ; Storage 
Batteries; Care and Management of the Street Car 


Motor; Electro Plating. 


‚ The Telephone and Telegraph; The Electric Eleva- 


tor; Accidents and Emergencies, etc., etc. 


The full one-third part of the whole work has been 
devoted to the explanation and illustrations of the 
dynamo, and particular directions relating to its care 
and management ;—all the directions are given in the 
simplest and most kindly way to assist rather than 
confuse the learner. The names of the various parts 
of the machine are also given with pictorial illustra- 


tions of the same. 


In the Catechism no less than 25 full page illustra- 
tions have been given of the various dynamo machines 
_ made in different parts of the country, and an equal 


number of part pace illustrations, 
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and 
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_ for 


Engineers. 
Price, $2. 


This volume has over 220 pages of practical “pointers ” 
showing the path of advancement, so much desired by aspiring 
engineers and firemen. It is printed on excellent paper and 
handsomely bound in heavy red leather, with gold title and 
edges. It is strongly bound for continuous study ; the size is 


5x 7%. 
The work is a most important aid to all engineers, and 


is undoubtedly the most helpful ever issued relating to a safe 
and sure preparation for examination. 


It presents in a condensed form the most approved ргас- 
tice in the care and management of Steam Boilers, Engines, 
Punips, Electrical and Refrigerating Machines. 


On the following page is a list of its “ helpful" contents. 


CONTENTS. 


This book embraces information not elsewhere obtainable. 


It tells exactly what an engineer will have to go through 
in getting a license, with much kindly and helpful advice to 
the applicant for a license. 


It contains the annual report of the superintendents of 
** Steam Boiler Inspection and Certification of Engineers’’ for 


the cities of New York and Brooklyn. 


It contains various rules, regulations and laws of cities 


for the examination of boilers and the licensing of engineers. 


It contains the laws and regulations of the United States 


for the examination and grading of all marine engineers. 


It gives a short chapter on the ''Key to Success" in 
obtaining knowledge necessary for advancement in engineering. 


This is very important. 


'The book gives the underlying principles of steam engineer- 
ing in plain language, with sample questions and answers 


likely to be asked by the examiner. 


It gives a few plain rules of arithmetic with examples of 
how to work the problems relating to the safety valve, strength 
of boilers and horse power of the Steam Engine and Steam 


Boiler. 


The main subjects treated, upon which are given detailed 
information with questions and answers, are as follows:— 
The Steam Boiler, Boiler Braces, Incrustation and Scale, 
Firing of Steam Boilers, Water Circulation in Boilers, Соп- 
struction and Strength of Boilers, The Steam Engine, Engine 
and Boiler Fittings, Pumps, The Injector, Electricity and 
Electric Machines, Steam Heating, Refrigeration, Valve 


Setting, ete., ete. 


Maxims 
and 


Instructions 


for the 
Boiler Room 


Price, $2. 


This is, of all the Hawkins books, perhaps the 
most useful to the Engineer-in-charge, to the Fireman, 
to the Steam user or owner, and to the student of 
Steam Engineering, 


It is uniform in binding and size with '* Calcula- 
tions for Engineers " and the “New Catechism of the 
Steam Engine"; the size is бх 814 inches, 11% inches 
thick; weight 2 lbs. ; it is bound in green silk cloth, 
gilt top and titles in gold; it has 331 pages with 185 
diagrams and illustrations. 


See next page for further particulars relating to 
the practical subjects embraced in this valuable 
volume. 


CONTENTS. 


Materials; Evaporation; Fire Irons and Tools; 
Firing of Steam Boilers; Points relating to Fuels; 
Foaming; Chapter of Don’ts; Full descriptions of the 
Locomotive, Upright, Water Tube, Horizontal, and 
Marine Steam Boilers, Parts of a Boiler; Various 
Specifications for Construction of a Boiler; Riveting; 
Bracing; Various Repairs; Grate Bars; Boiler 
Cleaners; Boiler Scales; Boiler Tests; Scumming; 
Chemical Terms; Inspection of Boilers; Mechanical 
Stokers; Pumping Machinery; Feed Water Heaters; 
Steam Heating; Plumbing; Safety Valve Rules. 

And many hundreds of other valuable pointers 
for Steam Users, Superintendents, Engineers, etc. 

No Engineer, Fireman or Steam User can afford 
to be without this valuable book, as it contains the 
pith and vital ‘‘ points " of economical and safe steam 
production. 

The plan followed in this work is the same as 
that so generally approved іп “Calculations; it 
proceeds from the most simple rules and maxims to 
the highest problems; it is both a book of instruction 
and reference. The carefully prepared Index con- 
tains nearly one thousand references, thus making it 


"5st a dictionary of terms. 


of 
Calculations 
for 
Engineers. 


Price $2. 


The work comprises the elements of Arithmetic, Mensura- 
tion, Geometry, Mechanical Philosophy, with copious notes, 
explanations and help rules useful to an Engineer. 

And for reference, tables of squares and cubes, square and 
cube roots, circumference and areas of circles, tables of weights 
of metals and pipes, tables of pressures of steam, etc., etc. 

This is a work of instruction and reference relating to the 
steam engine, the steam boiler, etc , and has been said to con- 
tain every calculation, rule and table necessary to be known by 
the Engineer, Fireman and steam user. 

It is thus а complete course in Mathematics for the Engineer 
and steam user; all calculations are in plain arithmetical 
figures, so the average man need not be confused by the inser- 
tion of the terms, symbols and characters to be found in works 
of “higher mathematics," so-called, yet the hook is a complete 
treatise. 

It is bound uniform with the “ New Catechism of the Steam 
Engine” and the “Instructions for the Boiler Room" (size 
6x 8% inches, weight 2 lbs.); in green silk cloth; printed on 
heavy, fine surface paper; gold titles, gilt top; with 330 pages 
and 150 illustrations. 
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CONTENTS. 


Mechanical Powers; Natural or Mechanical Philos- 
ophy; Strength of Materials; Mensuration; Arith- 
metic; Description of Algebra and Geometry; Tables 
of Weights, Measures, Strength of Rope and Chains, 
Pressures of Water, Diameter,of Pipes, etc.; The 
Indicator, How to Compute; The Safety Valve, How 
to Figure; The Steam Boiler; The Steam Pump; 
Horse Powers, How to Figure for Engines and 
Boilers; Steam, What It Is, etc. ; Index and Useful 


Definitions. 


“Tam pleased with the work; itis of 
value to me. I have charge of a Harris- 
Corliss engine doing 680 H. P. at Slater's 
Cotton Mills."— CYRUS BUCKLIN, Paw- 
Bucket. В. I. 


“I think it the best T ever saw, and I 
thank the day I saw it advertised.’’— 
] мо. C. RoBINSON, Adams, Mass. 


“The Hand Book is worth its weight in 
dollars to any engineer with common 
sense."—]As. C. TEMPLE, Eng., Spring- 


1 feld, Ill, 


New 


Catechism 
of the 


Steam 


Engine. 


Price, $2. 


This is a rarely fine book, handsomely bound in 
green silk cloth, gilt top, titles in gold; 440 pages; 
325 illustrations; size 6x83 inches, 14 inches thick; 
weight 2 lbs. It is bound uniform in style and size 
with the ‘‘ Hand Book of Calculations" and ‘* Maxims 
and Instructions for the Boiler Room.” 

This will prove a valuable book both for study and 
reference, being finely illustrated and indexed. 

This work is gotten up to fill a long-felt need for a 
practical book. It gives directions for running the 
various types of steam engines that are to-day in the 
market. A list of subjects which are fully yet con- 
cisely discussed are found on the next page, 


Indicator 
Catechism 
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Practical 
Treatise. 


Price, $l. 


This is a new book on an important subject. It is designed 
to thoroughly instruct the buyer upon the practical use of the 
Indicator, the Planimeter, the Pantagraph, Reducing Motions, 
etc. It contains nearly 200 pages with 115 valuable illustrations 


and diagrams, with questions and answers. 


CONTENTS.—Preparing Indicator for Use; Reducing 
Motions; Piping up Indicator; Taking Indicator Cards; The 
Diagram; Figuring Steam Consumption by the Diagram; 
Revolution Counters; Examples of Diagrams; Description 
of Indicators ; Measuring Diagram by Ordinates; Planimeters ; 


Pantagraphs, Tables, etc. 


The book is handsomely bound i1 silk (red) cloth, gilt edges, 
gold titles; it is 5 x 84 inches and weighs 1% 155, 
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